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Preface

In the National Climate Frogiam Act of 1978, Congress left no
uncertainty as to the importance of climate-related data *o the
success of the national climate effort. The act called for specific
program clements regarding:

o Global dzats collecticn, monitoring, and analysis to provide
reliable, uceful, and readily available information on a continuing
basis,

e Management and dissemination of climatological data, in-
formation, and assessments, including consultation with current
and potential users,

s International cooperation in climate research, monitoring,
analysis, and data dissemination.

The ect also provided for an Intergovernmental Climate Program
that would, among other things, support “atmospheric data col-
lection and monitoring on a statewide ard regional basis” and
provide “information to uzers within the State regarding climate
and climatic effects.”

The Board on Atmospheric Sciences and Climate has iong
recognized the many potential benefits of meteorological and cli-
matological services to the nation and the key role played by
climate-related data and information in realizing these bencfits.
In its report, Toward a U.S. Climate Program Plan (Climate Re-
search Board, 1979), the board recommended that the federal
governmment:

Formulate a conceptual framework for a CIS (Climate Infor-
mation System) a3 o beais for future plarning of the climate
data, information, and services component of the U.S. Climate

ix



Program. The framework should provide for the effective man-
agernient of climatic data, the transformation of these data into
useful climate inf~rmation, and the rapid de'ivery of data and
information to users.

A later report, A Strategy for the National Climate Progrom
(Climate Research Board, 1980), identified and ranked specfic
recommendations regarding observational and datamanagement
needs at both the national and international levela. Many of these
recommendations were subsequently incorporated: into the first
five-year National Climate Program Plan. This report also envi-
sioned the phased development of an Intergovernmental Climate
Program with activities centered in the areas of climate inf “ma-
tion services, climate data acquisition and analysis, and climate
effects studies.

With the implementation of Jhe National Climzate Program,
the board has eought to provide more specifie edvice on key data-
related issues. A 1981 report by the board’s Panel o.. the Effec-
tive Use of Climatic Infrrmation in Decision Making, Managing
Climatic Resources and Risks (Ciimate Board, 1981), focused ori-
matrily on the delivery of climate data and information to usc.s.
It recommended that the National Climsate ! ogram Office take
positive steps to coordinate federal management anl use of cli-
mate information. It also highlighted the importance of networks
of local experts and continued representation of user interests
throughout the climate-information svsten.

The role of decentralized climate services involving both the
public and private scctors was especially emphasized by the hoard’s
Panel on Intergovernmental Climate Programs in = 1982 renort,
Meeting the Challenge of Climate (Climate Board, 1982). This
panel apalyzed cthe utility of (limate services in a wide range of
activities to identify user necds and consequent requirements for
an effuctive information system. The principal recommendation of
the panel was that “the National Climate Program Office should
tuke a leadership role in the development and support of a coor-
dinated, nationwide system of climate gervices involving both the
public and private sectors.” 7. felt strongly that such a nation-
wide system should build on existing state and regional climate
programs and on existing networks of experts in bath the pubhe
and private sectors.
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Recognizing that the delivery of climate data, information,
and cervices is intimately tied to the entire national system for
ecquiring, erchivin,, and dissem’nating climate-related data, the
board entablished the presenv Panel on Climate-Related Data in
1834, Specifically, the board charged the penel with formulating
recommandations for actions to improve this system at the state,
regional, and federal levels. As part of this tzsk, the panel was
esked to review the scope and development of climsate-related data,
the value of such data &3 a national resource, previous studies of
data izaues, and the strengths and weaknesaes of the present data
system.

*Climate® is en inherentiy imprecise and cpen-ended .on-

copt. Narrowly defined, data relevant to climate might be gaid
to comprise simply the observed statistics of the classical weather
clementc—temperature, precipitation, wind, and so on, over the
land surfece where people live and work. Mariners and avia-
tors would perhepa favor a broader definiticn that might include
occan wuavea and currents, winds, und temperatures in the free
atmoaphere, and the boundaries and cheracteristics of snow and
ico on land and sea. Scientists seeking to understand the be-
havior of the earth’s climate system would no doubt czll for far
more information on changing colar radiation, satellite obasrva-
tiono of cloudinecs and radiation fluxes, the ocean’s composition
and deep circulation, the cheracteristics of the land surfece, the
atmosphere’s chemical composition, the earth's biota, and g0 on.
Finally, thoca concerned with the relationship of climeate to human
cffaira would demand a vast amount of information on the sectors
of cociety influenced by climute.

At the outset of its work, the panel recognized that a truly
comprechensive review of climate data in the broadest sense would
be beyond its grasp. But where to begin, and how far to go?
The panel choze to focus on a limited cubset of climate data—
obzervations of the past variation and statistical character of the
classical westher elements as recorded by the world’s weather ob-
serving networks. These observations document reasonably well
the characteristics of atmospheric variability near the earth’s sur-
face uver the1egions of human activity. Thus, they provide the raw
material for most practical applications of climate information to
the planning and inanagement of society’s work. Moreover, since
the bulk of these data are obtained and managed by NOAA, the
panel could clearly focus on the related institutional issues.

xi
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The narrow ccopa adoptad by the pancl, howaver, leaves unex-
amined an extromaly brozd range of issues. For example, oceanic
deta are of vital end growing importencs for both rczearch and
practicel opplications. Indcad, the major recearch programs of the
World Cliraate Reaeorch Program ore largely occanographic in
character. Satellita obsarvationa provide vniquely valusblo global
coverage, but presont formidable problems of data transmicsion,
archiving, and diczaminction. NOAA is by no means the only
agency engaged in obtsining and manoging climate dats. These
complex and important izsues that sre of especially pressing con-
cern to the ressarch community merié eaperate and intencive study
before a truly comprehencive and inlegrated view of the manage-
ment of climate data con be developed. Thus, the precent panel’s
work should be considercd only cs zn initial contribution to a
larger task,

During the panol's study, the Nationsl Climate Program Office
requested that the Board cn Atmospheric Sciences and Climata re-
view progress in implemonting the Natisnal Climate Program and
help define dirzctiona ior the next five-ycor National Climate Pro-
gram Plan. In recponss, tha board held a workshop in July 1085
in which geveral pansl membors participated. The workshop re-
port, entitled The National Climate Program: Eerly Achievements
and Future Directions, points out tho edvances in technology and
changes in expectations vis-a-vis data and information wervices
that have occurred in recent years. This has led to the growing
obsolescence of the distinction between “westher® ind “climate”
in the administration cnd management of the national data sys~
tem. The report identifics neveral zress where more progress is
urgently necded, cspecially in light of the rapid modernization of
data collection systema in the National Wenther Service and else-

where. A fundzmenta! problem, the workshop noted, is the lack of
a coordinated national program for climate cervices. All of these
issucs are addressed in more detail in the present report.

The pancl met five times between March 1584 and January
1986. Panel members zad atsff also mat informally on several
occasions. The group iv grateful to the National Climatic Data
Center for hosting its wecond meeting in July 1934; to the lllinois
State Water Survey for hosting ita third meeting in November
1084; and to the National Meteorological Center for hosting its
fourth meeting in March 1985. Thanks are also extended to the
American Meteorological Society for its assistance in holding an
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informel diccussion ot the 1055 Annuel Meeting in Los Angelea and
the panel’s final meating at the 1086 Annval Mezting in Miami.
The panel alzo wiches to acknowledge the diverce and aubstan.
tive inputs provided by many dillercat individuzls, too numerous
to name, from both tha privato and publie z2ctors, Special thanks
are exteaded to Margaret Courain of the National Environmen-
tal Satellite Data and Information Service, ¥en Hadceen of the
Ncztional Climatic Data Center, end Alen Hecht of the Nationsl
Climate Progrem Ofilca for thair cupport of the panel’s work.,
Finally, the penel thanks John S. Perry and Robert S. Chen
of the Board cn Atmeaphetic Sciences end Climate staff for their
extensive and substantive contributions to the preparation of this
report.
Werner Baum, Chetrman
Panel on Climate-Related Datz
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Executive Summary

Technologics developed in recent deczdes for collecting, processing,
and utilizing weather and climate data have revolutionized meteo-
rology and climatology. Satellites now routinely moaitor weather
and climz{s conditions ot both regional and global sceles. Ad-
vanced radar provides early werning of dangerous weather situa-
tions end high-resolution data on atmospheric structure. New gen-
erations of computcrs support ever-mors complex mathematical
modols for westher end climcte predictisns, Innovative telecom-
munications technologica permit rapid, automated distribution of
mateorclogical and climstological data and derived products at
reasonable cost on local, regional, and global ceales.

These startling technological advances have brought many
benefita ord the promico of many new ones—iacluding better
wezather and climate forecasts, more timely and reliable warnings
of dangerous westher events and climatic cpiscdes, and increazed
officiency in meay eecto. s of the nstion’s cconomy.

They have also brought new problema. Forem:ost among these
in the explosive growth in the quantity and diversily of weather end
elimate data, growth that could overwhelm the capabilities of cur-
rent data cystems in the United States. Indeed, this growth threat-
ena the integrity of the climatic networks and data bazes on which
thece nystems depend. Tecknologies for the quality control, stor-
age, and retrieval of dats, although incressing in cophistication,
have not kept pace with the flood of new instruments and tech-
niques for data collection and the burgconing demend for timely,
high-quality weather ond climato data from around the world. Nor
have the institutions respensible for maintaining besic weather and
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climato data cystems had the resources to do rmuch more then re-
spond in &d hoe fachion to any but the mect pressing demands
for data end for information sarvices. Dififeuls. choices now face
thess institutions regarding how to handls the vast emounts of new
data. Thezo choices will inevitably infuence tha fata of ell data,
new or old, end will likely have profound eliscta on the reliability,
efficiency, and utility of the nationcl weather end climato data syo-
tem for decadea to coms. This report centers en.the atmospheric
component of this flood of data, 8 gtream primerily inenaged by
the Netional Ccennic and Atmospheric Adminictration.

A cecond major problem is tho growing Landiccp that the dis-
tinction belween “%weather® and “climate” in NOAA imposes on
the cfficient menegement end uce of deta. Numorsus applicaticns
of weather cud climsate data require careful intesration of real-
time, necar-real-time, and peot data on etmoapheric, hydrologic,
end relzted paremeters, Closa integratisa of dzata base manage-
ment and ressarch functions is elo critical to maintaining both
high-quality data cots 2nd high-quality rezearch, The precent cop-
eration of data respoasibilitics between tho nation's oporstional
weather sgency, the Netional Weather Service (NVIS), end its
envirenmental data corvice azency, the National Environmental
Satellitc and Data Information Servico (NESDIS), hindsrs cuch
integraticn. Tor cxampls, the Cooparative Chosrvers Network,
by far the largest nstwork in the United Stntes, is opereted by
NWS, but data fzom the network ore handled foz the most past
by NESDIS, In additicn, there appear to ko cema instances of
13ss-than-optimal allocations of date~related resourees, insufficient
integration of data mancgement and dizsemincticn, end inflexibil-
ity in meeting important climatological needs. New institutional
arrengements cre needed to improve cooperation and coordination
of data nctivitics at both operationel end planning levels.

A third major problem intensified by rapidly changing tech-
nologics is tho sncertesnty induced by the lack of clear commitment
and congistent policies regarding federal rolea and responstbilitics ¢n
the operation end maintenance of the national weather and climate
dala system and the provicion of related services. This uncerteainty
continues to hinder development of both public eector and value-
added private sector applications of weather and climate data
throughout the nation. Changing coat structures, uncertain ac-
cesa to dats, a confusing array of federal agencies with overlapping
missions, the potential for cutbacks in critical federal services, and



tho threat of compatitive federal activitiea make the enviranment
for innovation difficult at best. Ono conzequence hag been the
uneven development of climate data bases and acsociated gorvices
across the nation.

Theza problems are by no mezas insurmountable. Meat ingre-
dienta for an innovative and responsive data system clrecady exist.
In both the public and privats coctors, many new cpprozches and
methoda have been doveloped in recent yecoras, decpita tho px‘c.blcma
noted above. Theze represent important oppostunitica to improve
productivity cnd cfficiency in agriculture, water and energy men-
agement, traneportation, construction, eud other economic sastors
throughout the country. New msthods ere constantly beingy de-
veloped. The chellenge to government is to develop appropriate
institutional mechanizma to make techniques and data resources
aveilable to users and potential usces and to ectively premnata the
effoctive and cfiicient uce of weather and climats data thxwagh-
out tho nation’s economy. With thia challengze in mina, the panel
has dcvelopcd o number of recommendations, discussed ix greater
dateil in the body of this report.

The most critical need is {er ctrong laud'*r'xhxp and cocrdina~
tion by the federsl government with the support and repreacnta~
tion of all of the major centributors to and users of the nations!
weather and climate data system:

Recommendetion 1: The federcl government should clearly ar-
ticelate an t'ntcgratcd nationel policy covering sts obligations
and limitationa in (o) the observation and monitoriny of the
weather and climate; (b) the collection, processing, end man-
agement of weather and climate data; (c) the retention and
archiving of weather end climate date; and (d) the provision of
weather and climate information and services.

This policy should identify federal agency roles in o}l aspects
of datna and services and coordinate diverse inputs from both the
public and private sectors.

A second critical need is to streamline the management of
weather and climate data within the foderal government:

Recommendation 2: The federal government should recognize
the ueers’ need for a continuum in the management of weather
and climate data. NOAA should therefore reassess ita ezisting

.t
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. tnetitulional arrangements with the objective of smproving the
coordinetion of weather and clitmate data cetivities.

NOAA’s tcle in tho nationel weather and climate data system
- is central. To facilitate coordination within NOAA and batweea
NOAA and other agsneics, the following is recommended:

Recomsaeadation 8: NOAA chould coteblich a central data of-
ficer for weather and climate dete witd a clcar mendate, broad
autherity, and cufficicnt resources to (o) conduct eystemctic
; and smpartizl etucieo of resuiresnents for veather and climate
data and of new technologies for efficientdy meeting these ve-
guirements; () coordinate planning for new wecther and cli-
mate data management, communication, cnd discerination
aystems throughout NOAA; (¢) develop clear ctanderds for
- data collection and inctrumentation, coneistent end efficient
quality conlvol, and cost-effective deta archiving and dicsemi-
nation for basic observations, devived parameters, gridded data
sets, and epcctal-purpoce data ects cuch aa those cltained in
ficld experiments; (d} ensure the contiavity, carefecl monage-
ment, and coordination of key climate networks, dota bases,
and publications, ncluding the coogerciive and begeline ob-
serving netwerks; and (¢) act as cecrdinctor cad ariiter in
L decizions concerning resouree allocation, technolegical mod-
7o ernization, and dats preceruction, both within NOAA end in
cooperation ilh cther agencies, and eerve ¢o a focal paint for
coordination with the World Weather Wetch program of the
World Mcteorological Crganization.

Many opportunities exist to introduce and enhance the uze of
weather and climzte data throughout the netion’a cconomy, with
‘: : potenticlly largo suasings and payofis for relatively smell invest-
/,,/ ‘ ' menta by the public zector. Therofcre,

\ Recommendation {: The federal government should increase
Ll active promotion of the epplication of weather end climate
/ § data in both the public and private sectors, including continued
documentation and demonastration of the broad utility and value
' of such data.
!
!
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Such outresch activities might includo the funding of sector
or regional studica end the organization of seminers and work-
shops. Consideration might be given to formation of a federal-
state-private cactor board to coordinate theze estivitics, many of
which might bs keyed to ths 1050 cencus and the impacts-oriented
climatic atles rccommended by the 1235 Woods Hols workehop
(Board on Atmespheric Sciences and Climate, 1936).

The pancl views thezs recommendations as important early
sleps towerd ea instituticnal ctructure for climate data manage-
ment that can meet the challenges of repidly changing technology
and growing national needs for data end cervices. What i3 most
critical, however, is that ths federel government geriously examine
its handling of weather and climate data from a bread, long-term
perspective, and that it establish mechanisms to ensure censible,

government-wide plenning and implementation of data manage-
ment.

—————— e+



1
Introduction

If the weather did not vary from dzy to day and placo to place,
there would ba little nced for climato data—ona sot ¢f numbers
would cuffico for eny purpozs. But in reality, the carth’s climate
is highly variable on a wide rangs of tims and spaco seales. Tem-
perature, precipitation, wind, aud other climatic paremeters often
chaugo rapidly in ealy o few houra or a fow kilomazters. Climatic
epizodes such oo droughis end heat waves may percist for montha
but end in o doy. Westher eventa liks hurricanes, thundszetorms,
and tornzdoca generate highly locelized end tranciont extromen—
and too often leave cxtreme damage in their wake. High-resolution,
high-quelity, end tixely climate data aro thus critical to under-
stending our climate and to improving decision making regerding
its varied opportunitics cud hezerda.

Technologics for gathering climate data of high rcsolution and
quulity have edvanced rapidly in recent years. Sophisticated in-
struments utilizing nevr electronic and optical techniques can mea-
sure many different climate and climate-rclated parareters contin-
uously and zutomaticelly, Satellites provide not only large- oreven
global-ceale observations, but also measurements with resolutions
of a fow hundred meters or leca, New Deppler radar instruments
can continuoucly monitor stmeapheric winds, permitting more
rapid and reliable detection of wind shear, savere storms, and tor-
pzdoes. Inexpensive microcomputers have greatly increased the
capabilities of automated weather stations and drastically reduced
their costa.

Increasing data rezolution meens increcsing data volumes. A
typical moteorological satellite may generato several trillion bytes

6

T

o



e — i ———— ——— . S———————

- e e e

- o e n st s e s m

VR S A A N bt i - W o e

7

of data over its lifstime, cnough to fill tens of thousends of high-
deneity moagnetic computer tepes. Doppler reder systems such
&8 the next gencration rader (NEXRAD) planned by NOAA cen
generzte comperable amounts. Evon o emall, automated weather
staticm is czpabls of producing millions of bytea of data in a year.

The variety of data is clo incrensing, not only becanza of
new instrumentation, but aleo bezougy the usss frr—and users
of—weather and climate dats era grewing in gophistication, For
example, cysterns to deteet and pinpeint the lecatica of Lghtning
strikes are now in widespreed use by eloctric power utilitics, forest
meneagers, aerospoce and defenss focilities, aad hesard metcorolo-
gists. Meny municipzl and county governments utilize automated
precipitation and streamflow stations in flood-prone crecz. Re-
cently, & company in the United Kingdom has begun to map and
monitor winter road surfece temperatures in order to improve
sending and calting operaticas. Farmera often measure precipita-
tion, £oil moisture, end other parameters to ensure more efficient
and cifcetive epplications of water, fertilizer, and pesticides.

Thesa now technologies and applications create unparalleled
opportunities for increesed economic eficiency. now products and
gcrvices, reduced domeges from climatic extremss, end many
other improvements. Unlortunstely, tho megnitude and rapid-
ity of chenge have stretched the chility of tho precent weather
and climate data system to support even current levels of cotiv-
ity cfficiently, Although many clemsents of existing sorvices are
exemplary, many others fall short of swhat is necded snd fazsible.
The prescnt system thus po:zs o mzjor obstecle to the ottain-
ment of th2 polential benefits of weather and climateo infermation
envizeged in the National Climate Prozram Act.

This report anelyzes soma of the weskneszes in the present
system in the face of change and mekes recommendstions to rem-
edy them. It also highlights some key arcaa whero straightforward
action can lead to substantially more effective and efficient uti-
lization of weather and climate data. Within this exceedingly
brozd area, the report focuses on a narrow, but fundamantal cless
of information—dsata on the clessical weather clementa cequired,
held, and dissemincted primarily by NOAA. This consziously nar-
rowed gcope ncglects a number of important arces, notzbly the
oceanic and satellite data so important for resoarch, However, it
does eddress the data most useful for immediote practicel appli-
cations in the planning and management of the nation’s eccnomy.
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Actions to improve tha effectiveneca of this componcat of the cli-
mate data cystams do not require large investmenta cf rezources
by the federal governmant but rather commitmesnt, cznsible leac-
ership, and careful coordination of all thosa involved,
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2
Climate Data:
Changing Definitions and Needs

Systematic collection of climate data began in the rineteenth cen~ -

tury. Many data were collected as part of early attempta to define
resources and ‘o predict the weather. The climate was recognized
as part of the geographic endowment of localities and regions. 1t
was genierel knowledge that weather and climate set boundaries for
various human zctivities, principally agriculture, and that they in-
fluenced clothing, housing, heating, end modes of transportation.
The primery concern wea with temperature, precipitation, and
wind. Ths coavention wes to dr=al primarily with the mean values
of these elements, een though there was early recognition that

“extreme valuee had great practical importance.

In the twentieth century, the importance of weather and cli-
mate in decision meking has increased, and the scope of ¢dserva-
tions and their use hes ‘hanged. The groatest change came with
the advent of aviation, when weather data became “four dimen-
sional” and nperetional. Growth in needs for both short-range
forecasta and statistically sophisticated analyses of past data for
planning has spurred rapid eccientific development in atmospheric
sciences. Military needs (e.g., military aviation, ballistic calcula-
tions, cheinical warfare) have placed premiums on these develop-
men's. This was particularly true in World War II ap ? subsequent
hostilitiea.

Civilian needs and cpplications have alzo steadily expanded.
A ksy area of geowth is the uce of weather data collected for
forccast purposes to evaluate the “immediate past” in relation to
long-term mean values or past extremes. Climnatologies and cli-
mate “scenerios” are used to assess crop production on a current

9
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bzais and to zssess the likely impact of hazards esuch o8 drought,
floods, and savere storms. Disaster relief has becoms a worldwide
affair, and climzte data a critical input into disaster monitoring.
Local and regional effects of air pollution require new types of
climatological analyses. Plant location and siting, ezpecially for
nuclear power installationa, have crczced new dernonds for chimate
data. Enorgy crizea have increzzed needs for wind and colar ra-
diation data, Encrgy-efficient houzing and building construction
have become a new focus of attention sor climatologiata.

On a brozder scale, the fluctuations of climate and their causes
have become the terget of intencive rersarch. Practical aims ine
clude tho diegnosis of pozsible anthropogenic climatic changes and
their impscts on the cacth’s eccsysteins and resources, and the
search for mothods for predicting the state of the atmosphere he-
yond the usual limit of weather forecasts of about 5 to 10 days.
Past climate data are still the mainstay of guch predictions. New
physically basad methoda of prediction ate also emerging, and their
davelopment is dependent on the timely availability of coordinated
climate and climate-related data for large regions.

2.1 ELEMENTS OF THE PRESENT NATIONAL SYSTEM

The prezent system for handling weather end climate data in the
United States involves numerous federal and state agencies, thous
sands of individuals, and many different businezses, universitios,
and other private inctitutions. The flow of deta is complex. No-
tably, data are typically labeled 25 either “woather® data or “cli-
mate® data and are often managed separately. However, there is
really a continuum from the point at which observationa are made
to the point at which derived information is uzed and erchived.
Because of this continuum, each element of the nationzl data sys-
tem is critical to the attainment of the overall utility and value of
weather and climate data in the nation.

The acquence of events is that at regular synoptic weather sta.
tiony the observations are teken and electronically transmitted to
a forecast center. A permanent record is also mede at the station,
The main forecast center in the United States, the National Meteo-
vological Center (NMC), makes an initial quality control check and
cnters the data into a computer model for the weather forecasting

procezs. Immediately thercafter the same obsorved weather data
are esscntially labeled climatic data.
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In cooperation with the U.S. Dopartment of Agriculiure
(USDA), NMC izaues the firat climztological product, the Weekly
Weather and Crop Bulletin, o vencrable publication first izsued in
1872 end now in ita 72nd volume, having appeored earlier under
a different titls, Weekly Weother Chrontele. 'Tha Climete Anely-
ais Centar (CAC) ot NMC alwa properes the Climate Diegrostic
Bellatin ond the Climate Anomaly Monitoring System (CAMS)
on a moathly boois. In eddition, it furniches the Verld Climate
Progrtam (WCP) with a brief monthly world weather znomaly
chart.

It should bo noted hore that the NMC is part of the Mational
Weathe: Scrvice (NWS), which i3 also responeible for the man-
egement of tho Cooperative Otzarvers Network, Thia network ia
tho brckbone of climatological information for the country. It is

maintained to fulfill the oblization to esteblish tho climase of the
Unitod States,® which wes laid down in the organic cet establishing
a civilian Weather Bureau in 1680,

Yot tho data collectad ot thesa stotions flow thimugh another

chonnel. They go in manuscript form to the Natienal Climatic
Data Centor (NCDC) &3 do the original hard-copy data from the
U.S. synsptic stations. Somoe cooparativa stationo alco furnish cur
rent temperature and precipitetion oboarvations to NMC and tha
ofiices of the ctate climatolozista, where thesa exist. At HCDC the
matarials are subjected to fairly rigid quality control checks. They
are machine-processed for two monthly publication esrics: Eocal
Climatological Data for the synoptic stationa end Climatelogical
Data by atates for tho cooperative notwork. Finally, the mnaterialis
microfilmed and entera the archive at NCDC, which by delegation
of authority by the U.S. Archives ia the depository for U.S. weather
data. NCDC is the msin provider of climata-related data to the
usor community. It i3 currontly menaged by the National Euviron-
mental Satcllite end Data Information Service (NISDIS), which
is on the samo organisational level within tha National Oceanic
and Atmoapheric Administration (NOAA) &s the NWS.

In addition to the synoptic and cooperative atativi networks,
thera are many other sources of *specialized® climatic data. Ob-
servations are taken on a wide varicty of paramaters, ranging from
soil temperature and moisture to surface selar radiation to ypper
air teaperatures and humidities. Measurement notwosks sxe typi-
cally operated by governmental agancies or other organizations for
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gpecific purposes, e.5., water managemant, flood control, air pollu-
tion meaitering, cnd hasard end resourcs ssseazmont. Deota oy
be gathered cn a routina or cporedic besis and oftcn provide much
greater detzil on envircomontal phencmena then can ba obiainsd
from gencral netional notworks. In general, deto of thia typoe ore
tent to NCDC oa a 1egulor buuis to be cxchived. Hovvover, this
is uzuzlly voluntzry oa tha part of the criginating orgenisation,
and there are no cstablizhed coordination mechenisms by which
the NCDC can casure the completaness, quality, and timelinesa of
epeciclized data seta.

Dicaemination of data cata to users noermally cecurs direstly
via the zource of data or indircctly through the NCDC or other
intermediary such ¢3 o privets consultant or a state climatologiat.
Thecs intermzdinics often provide edditional “velue-zdded® zane
vices such ea ropackeging data in ensice-to-uce form, reformatting
them to user specifications, or combining them with other typss of
data. Whils many data are diztribuled through regular cr irrezu-
ler publications such &3 theoa mantioned sbove, & large proportion
in dizzeminated in responea to direct user requesta,

2.2 END ULY. AND END USERS O CLIMATE DATA

The ultimate yoal of tha national aystem for climate data i3 to
essist “end ucars® with their “end veea® of climate data. Hers, the
term “cnd” isuzed to distinguish cctual epplications of data toepes
cific problems within various sectors of the economy from intermie-
diata stoges of data use end diczemination primarily by the clims-
tological community end the media. End uges very preatly, from
the utilization of weather records in ccheduling outdoor events to
the incorporation of snow, ice, and wind loading informsticn into
building designs to the zc:imilation of large amounts of clima-
tological data into complex agriculturel models. End usere also
vary, ranging from the individual farmer or gordener worried chout
cumulative sunshine cnd precipitation to giant oil companica con-
cerned with climatic extremss experienced by cil platforma and
tankers. In gencral, tho greatest variation in data needs occurs
between end uses, primarily with respect to deta type, frequency,
and spatial coverage. Data naeds also vary with the typo of cnd
user, cspecially in referance to the form of diczemination. Some
cnd uzers need data primarily for long-range planning end design,
while othera utilize both weather and climate data operationally
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| . on a renl-tima bazis, For the latter, the timelinesa of data is

! often extremsly irnportast—dalays in the syztzm can in come

; caces mako data virtuclly worthlos,

! It is uezful to categoriza end uses in termys of major sactors

f of the cconomy. An a ctariing point, Table 2.1 lists the ecencmic

! cectors typically used by econemizta (e.g., Buresu of the Canaus,

f 1034, p. 283). Meny valuable cad uszs of climate data can bo

i found in ezch costor. In coma such o3 agriculture, climate data

aro vsad reguiarly in both planning and operations by produciion
| managers (fzrmars), fnancial adviszrs (benkers and insurers), sup-

! pliers (e22d, {ortilizor, end cquipment vendors), and distributors

| (srain compeniza end marketing cooperctives). In others such es

| mining and cemraunications, utilisation of climate data may be

! relatively cporadic, but can nonstheless be extremely important.

i Tko diversity of ond ueea end potential end users is constently
increzsing. For cxemple, the roport Mecting the Chellenge of Cli
mate (Climate Dosrd, 1882) notes that new opportunitics for
teking advantaga of climatic rezources can arise from:

1. Technolozical davelepments, cuch 23 solar and wind energy
syctems or new insulation methoda, that generate new uses of
climatic rescureca or botter adaptaticas to climatic hazards and
conditiona.

2. Socizal changpes, such es sliered population levels or policy
deciziona, that chango the patterns of vae of climatic resources
(e.g., water supplics) or permit different ways of dealing, with
- climate (¢.g., insurance mechanisma and building codes).

: 3. Long-period climatic fluctuations or climstic changzs on
local, regisncal, or global scales, perhaps dus to anthropogenic
influences such as omissions of rediatively active trace gases, urbaa
development, or watershed medifications, that alter the mezn
climatic conditions or ths likchhood of extremes to which cociety
is currently adapted.

Changes of this kind ere rapidly making traditional definitions
of end uces and end usars obsolets. Today’s users cre much more
likely to nesd unuaual combinations of conventional 2nd unconwen.
tional data, cophisticated data processing and analysis, and both
real-time and historic data.

Serving this growing diversity of end uses and end usera in
an cffcctive manner poses a dificult challenge. Many potextial
end usars are not aware of the availability of climate data or of
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TABLE 2.1 Economis Sectors end End Uza Exsmples

Economic Sactor

1. Agriculture, foreatry, ead ficheries

3. Miting

3. Construction

4. Manufecturing

8. Transportation

6. Coemmunications

¥. Electric, ges, and sanitary ssrvices

8. Wholesale 2nd retail trade

End Uso Dxarazles

planting, irvizotion, harvecting,
peit mazeresaent, Hvestock
preductisn, fish harvesting, fre
coatrol, interastioncl trade

mining operations, fend
reclamation, enviranmental
ssseszmanct, offchoos drilling

building &:sizn, construction
scheduling, facllity maintenance,
highway ccartruction

plent site czlectien, pollution
control, warkse sk matsrial accena
to plants

road galtizg end eanding, rail
opsraticas, chip reuting, runway
design, airline scheduling

telsphone Line repsirs, emargency
planning, microwava transmiecion

load mansgemant, zesevve planning,
olr quality mensgamant,
concervation, sewer ayatem desizn
and operatisa, wataer s2sources
managemest

marketing of westher-related
products, consumo? stcona to retail
outlets, food distriltution
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TABLR $.1 (centinuad)

9. Fingnee, insurance, snd resl ectats crop/hell, flood, fleod, wind, and
jce/snow loading Insurance,

resource sasgcamsnt

10. Scrvices legal eubstantiation, hospital
oparstions, recreation and tourism
plannlng

11, Governmant militery operations, omergency

management, public facility

planning, snow removel, employment
opportunity essezsment, sclentific
resatrch

the mony deta-related services offered by beth privats and public
sector groups. Nor ars thoir cpecific needo cnd problems well
defined ¢r commonly recognized by the deta community. This
maona thet tho climato preducts and cazvicea aveilable for come
end ucaa like plant rite ralection may not be es vophicticated
&3 thess availubla for other ond uzis like irrigrsion ccheduling,
avistion, and eir quality medeling. The technicel capebilities and
fincncial rescurces of end users themsolves alco very considerably,
which influznces not enly ths immodiato opportunitics open to
individual end ussrs but also the long-tzrm opportunitiss for ucing
climate data open to the economic £actor &3 a whole.

It is thus instructivo to examinn in detail soveral areas in
which the uzo of climate data is well established and still expand-
ing. Thoca ezzzntially provide reforonce points ageinst which the
development of climata data applications in cther aroas can be
compared,

2.2.1 Agriculture

Agriculturo's succezs depanda in large measure on ita ability to
copo vith climste. This hes been echioved through breeding new
varictizs, land ealection ond conservation practices, and improved
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underatanding of market voriations as induced by climata, All of
these rcquire woather and climats data. Without rapid end recdy
accees to climato data and informstion, agrisultural productivity
would bo reduczd, the U.S. competitive position ca world merkots
would ba joopardiced, and its ability to moaitez crop develspmanta
and to plan for fosd emargencica would ba corioucly impaired,

Agriculture hea treditionally mede oxtensive uea of woather
and clirasts information. In the cightcenth ard rinctecath cone
turies, there was great interest in tho climatic suitability of land
for nsttlement, Tha davelopment of improved technologics for food
production, processing, and transportetion hes led to ths more
precise tuning of agricultural production to climate and morkets.
Recently, attention hes focused on understending production in
its global contoxt cnd on regional droughts and their implicationa
for humsan welfare. The need to monitor such events wes mode
dramaticelly cloar following the 1072 drought in tha Sovist Union
that lod to a trebling of grain prices in the U.S. and world mar
kets. The mejor droughts of 1972-1973, tke econcmic oficata of
frost on tho Bracilisn cefiee crops, and the poor hervest weather
for Europoan sugar besta in 1075 further diszuptzd intornutional
food troda in ths carly 1870a. This instability has caused poley
analysts, cconomists, commedity treders, and others to clemer for
eccesy to climato data,

Crop yiclda oro largely the product of eoila and the westher
over a socson, Monitoring climate ond interpreting it in terins of
crop reaponsa using crop/elimats relationzhips provids veluabloin.
formation on national and world agriculture. Menitoring syziomas
that adviza on the onzst or fzilure of monsoona have a potons
tially major rolo in casisting farmers in developing countrica, Such
monitoring hea bsen undertaken by federal agencies and private
concerns interested in international food producticn. For example,
USDA opzrates o worldwide monitoring fecility jeintly with ths
NWS. Thia fecility providea information on the world food eituc.
tion to the Scerouary of Agriculture 2rnd to other nationel planners
and policy makers concarned with markets, acsistance, end siress
produced by food shortages.

Monitoring oystems exploit historicel climatic data to detor.
mine plant rezponca relationships and to compzre the coverity of
events, Indices based on climato data, such as the Palmor Drought
Index and tho Soil Mcisture Index, zre uced to essccy the creal

o ————————
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extent znd intenzity of hezerdous ovents, Satellite-derived infor-
mation on cloud cover, temperature, snow cover, and precipitation
provides veluablo cdditionel informetion, particulerly whero con-
ventioncl detn ers cperce. For example, the susteined lack of
clsud is a geed indisntor of potential drought. Infrered radiation
estimetea of ground tomperatures supplemented with actual sur-
faco measuremsats csn be usad to aczzes crop conditions., All of
these menitoring mothods rely on beth conventional and new data
sources.

Many other zapects of egriculture benefit from the uvse of
weather cad climate data. These include irrizetion, crop zelec-
tion ead production, planting, pollination end heorvesting, erosion
contrcl, pest and disansa control, and livestock and pasture man-
agement (o.g., s2a Climate Board, 1052). For example, the control
of pests end dizeaco 19 achioved most effectively by knowing their
respoazo to climetic prramsters end ccting when they are mast
vulacrable, Spscicl cteda end regionel networka are being estebs
lished to improvo such undarstanding and to provide climate-bescd
edvicerico upgredad to the latest westher conditicas. As farming
increezes in cophistication, fermers will want much mere high-
quality elimotic data, with inercesing dstail and maore paremeoters
and in both real and nsar-resl tima,

In lzzge msssure, incsczcing demand for deta stems fronr tea
increszing ovailehilily and eapability of computers. Continuing
advances, such 23 tha introduction of perallel processing, will fur-
ther increecs tha potential of computers in egriculture. Computers
make possible thoe ovaluation of menagement alternativea given dif-
fercnt climstic conditions. They facilitata crop zonation studics
and permit prediction of the effect of altered climates on produc-
tion. They are being used increasingly by farmers. For example,
the University of Nebreeka Automated Weather Deta Networl: is
linked to AGNET, an interstate network that makes weather dota
and the university computer hardware and eoftware availabls to
irrigators who own o perconal cemputer. The coat-benefit ratic for
an automatic staticn besed on this ectivity is estimated a2t 1:250
(Rocenberg et al., 1933). Such nonfederal obscrving systems can
make important contributions to the national data system.
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222 Energy

The encrgy cector requires climato data for both demeand and sup-
ply planning and for opsratisns., Climzta ia a mojor determinant
of demand sinco enezgy i3 used to offzat cold, hoet, wind, excessive
precipitation, encw, ico, and other climetoralated hazerds, De-
fending egainst end cxploiting the varicblo nature of climsto are
major ectivitics in the dezign of encrgy cyatems 23 wall 23 in their
efficient uza. On the supply sids, climate deta ere uced in cnergy
exploration, transportation, ciorege, tranemirsion, and distribu-
tion (e.g., Climate Board, 1882; Mcl{ey and Allsspp, 1680). Many
environmental problems such 23 ocid rain and the atmospheric
transport of toxics cre closely associated with onergy activitiss,
and many of these require climate data for their eszessment and
mitigation,

About ene-third of the energy uzed in North America is used
to counter adverse climats. Tho moro cignificent demanda relste
to rpzco heating, weter hesting, air conditioning, refrigcration,
trencportation, and egricultural uees (o.g., irrigotion ead crop-
dryinz). The meain methed of reducing thess cests is to improve
technological decign utilizing climats data. For oxamplo, with
the repid incrcece in the costs of encrgy, conctruction codes have
begun to emphasize encrgy efiicizney in sdditicn to other require-

enta for physical cafety end chalicr from wind, cold, heot, and
rain. Genersting the climatological data and statistics noaded for
encrgy conszrvation and for the exploitation of renvwable erergy
alternatives has been a major ectivity over the pest decada. The
required infermauion is usually site- end time-cpecific ro that the
task is a continuing one. Similarly, for operational activities such
as irrigation, the need for data, both recent and curreat, is contin-
uing.

The usa of energy for heating and cooling is cazily estimated
from climate records. This i3 done routinely by NCDC for states
and regions of the United Stetea using population-weighted dzta.
Up-to-date data are required by energy controllars and supplizra to
plan against undesirable shortages or surpluses. Such information
has been particularly valuable during recent energy shortages.
For example, during the cold winter of 1976-1977, temperatures
dropped up to 6°C below nermal ecross on arca centered on the
Ohio Valloy, This czused heating costa to rice some 50 percent and
had & severe impact on local supplies, co that emergency action was
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required. Tha resulting cot increazes and divercion of purchesing
power for the contrel and eastern United States wero estimated
to bo ct lacst {2 ¢o £5 billien (The Busineso Week, February 14,
1977). Events of this kind have cpurred routine escessments of
the impeets of climate anomclics on cocioty using climate and
climate-relcted data,

Climato data aro required to £oc228 moat renswable resource
supplicz cad their veriability. Stztistics on tempsrature, wind
speed and dircction, colar radiation, cloudiness, end othor atmo-
spheris cheracteristics exo typically uced in designing intepgrated
coler axd vsind energy systems end cquipment. Similer data, ine
cluding precipitation and runoff maasurements, cro nocezsary for
bydreposer planning end mansgement. A major concern in all
such cyctema is tho relisbility of supply. Climate variability must
therefore be conzidored in designine relieble ctorage and /or backup
syctems.

The cserch for new energy cources and chipping routes hos led
to increassd demend for climsato data in offichore end constal crens.
Such deta are used in equipment design, facility plenning, route
selecticn, and envivoamental cezsozment. For example, Murphy et
al. (1977) euggest that a 3 percont eavings in fuel ia poszible by
usiag metcorolegicnl informetion in ocean routs gzlections. Fre-
quently, information i3 nscded to colvae rather unique problemms
that mzy reguire new technology, o.5., defending againat freczing
t2a epray and low-tempersturo-induced brittlonezs of metcls in
polar regiona.

Other demonds for climato information rangs from the eiting
and operation of thermal or nucloor plants to mancging sezsonal
changes in additivea to gecoline, Climete ard weather data are
used to improve cparationel efficiency in the colsction and use of
fucls end the azsezzment of transportation hazards such ns cnow,
ice, and winda. Dosigners and managers incressingly rccognize the
need to ezcount for natural hosards such ea floeds and tornadoes
in the eafo dasign of largs public and commarcial energy facilities.
Air quality concerns muzt be cddrecsed slong with strategics for
achioving economic operation such &s in celecting the optimum
mix of fuels concistent with atmoapheric conditions, With the
incressing longth snd complexity of energy distribution systemn,
the frequencics ol diyLiininy surikes and excessive wind loeding of
tronsmicsion tiwes uwad suppori structures are escalating, Climatic
records cften provide an important indicator of the magnitude
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end distribution of thesa hegards. New types of monitoring syz-
tems, e.g., for lightning ctrikes, are alro being uszd. Other climatic
coneiderations include tha evapoeration of cooling watcr, tho forma-
tion of fog dovwnwind cf cooling ponds, end tho creaticn ¢f thermal
plumes by tho dizcharge of cooling weter.

2.2.3 Woater Resources

Water iz vital to zll forms of life and to mort humean eadeavors.
Major wvator uzca include houschold consumpticn, agrizultural irri-
getion, encrgy coneration, transportation, menufacturing, mining,
reercetion, end cenitation. In meny if not moct arcas, capplies of
fresh water ere limited relative to rapidly growing demand and
ere highly variabls in both quentity end quality, This has led to
moze careful dovelopment of cnd control over water recources end
incroasing int2gretion of water management cerozs watsrcheds and
largo populaticn regions. Principal managemant objcetives remain
the stabilization cnd sugmentztion of water supplics, reduction of
flosd end drought damage, end maintencnes and enhancament of
water quclity.

Tho etmoszphere is the primary cource of frech water and,
through cveporation, the main consumer., Climato dota and in-
formation ero thus critical to the manogement of wabsr resources.
Climate dats 2o ur:d in dezigning storage, dreinepo, and irrige-
tion syctems; cotimating water yiclds, cacwimslt rates, and cooling
weter requiremants; end projecting water demend, leka levels, and
floed potentisls. Other frequent uces pertain to goil end eoastal
erosion; cciche and ctorm surge; and river, lels, and sa2a ico for-
matioa eod melting, In many instences, o3 with major rezervoirs
and water dictribution eystems, substamdal amounts of cepital are
involved. For example, the construction cesta for a propased di-
version of 10,000 cubic feet per sscond from Leka Superiozr to the
Ogallzla area have boen estimated at $10.0 billion (Da Cocke et
al,, 1884). Tailuro to consider climztic factors at the delivery and
gourco arcas cculd leed to very expensive errors,

Althcugh precipitation is usually a dominant concern, data
on a voriety of related parameters are frequently required. This
is particularly true when sophisticated computer-based modeling
techniques are employed, e.g., in flood forecasting end ressrvoir
managemsnt. Current and historicel data on the diurnsl regimes
of wind, coler radiation, humidity, air and coil temperature, soil
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moisture, sad encw cover ars typical inputs. Data on coil type,
slopes, precipitation intensity, and cloudiness may also be used.
Adcquete monitozing, comprehensive data basce, and effective
data manegement cystems ara thercforo crucisl

Other dota nezda rolate to climatic variability and chenge. For
examgply, urben dovolopment may rignificently affect dewnwind
precipitution, incleding thundsrctorm froquencies, This mey mska
existing cewer end drainesy cyctems obaslete, Since most euch
systcms hava lifzzpans of £0 yoars or more, consistent cnd detziled
data on pezst, presens, and future hydroclimatic conditions er
likely to be important, ‘

Mitigating drought is 8 major ccacern. The mest drought-
prone erees arc the camierid lends such as the U.S. Great Plains,
In 1977, thezs lands eceounted for almost one-fifth of the nation’s
agricultural output.

Drought hes implicetiona on local to global cceles, affecting
food supplies and cosial stability 2o well as being & major cause
of famine and roll degradaticn, Tho impacts of regional drought
within the United States werzo massive in 1976 2nd agein in 1980,
Its occurrenco olsawhsre in tho world ususlly invelves the United
States in emorgoney cad long-term dovelopment cid. Long-torm
aid frequently includes intredustion of drought-resiztant crepa,
water developmens, cnd water conzorvation mansures, all of which
can benefit cignizeently from tho uco of climete data.

Drought moy olco execerbats other problems. For exampls,
it tends to increzss pollution eoncentrations in rivers and lakes
becavee dilution deeresses, Water quality manegers therefore need
data on the likelibocd, ezverity, end duratica of Crought episodes
to ensure that swater cupplics meet water quality standards,

2.2.4 Climata Systems Rescarch

The climstological ressarch community is itszlf & major end user
of climate-relnted data. Such data cre an intrinsic part of the
resaarch process, Syctematic ctudy of the procecsea governing the
earth’s climate on locel, regional, or global scales requires care-
ful observation and dota snalyeis, Theoretical models muat be
tested against obsarved “reality” represented by Jata. Complex
computer models uss large quantitics of diverse deta to simulate
environmental conditions 23 realistically as possible. Studies of
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the impacta of climatic variability and change often combine cli-
mate data with data from other fields to e2se3a interrelationships
betwcen climatic phenomena and human activities and welfare.

Many rezearch needs for climate data cen be satizfied by con-
ventional data archives, but most require specially collected data.
In many instances, the spatizl and temporel ccales of the processes
under study demand that Iarge quantitizs of highly perichable con-
ventional and remotely senzed data be collected from zll parts of
the globe. Even experimants on the microscale, e.g., studics of
the boundary layer over a gpecific terrain, can generzie enormous
volumes of data. ,

Over the past 20 years, major experimentc on the mezo- to
global-scale have bcen undertzken to improve undezztanding of
the climate system and improve climate prediction. The Global
Atmospheric Research Program (GARP) organized a host of field
experiments such as the First GARP Global Experimsnt (FGGE)
in 1978-1979, the GARP Atlantic Tropical Experiment (GATE) in
1974, and the Alpine Experiment (ALPEX) in 1983. Several ad-
ditional field programs such £3 the Tropicel Ocean/Global Atmo-
sphere (TOGA) Program (10€5-1694) and the World Ocean Circu-
lation Experiment (WOCE) are now in progreca or being planned
for the next decade under the suspices of the World Climate Pro-
gram (World Climate Research Programme, 1985). Other efforts
may alzo be undertaken in the next deceae ea part ef initiatives
such as the proposed International Geosphere-Biozphere Program
(U.S. Committee for an International Geoaphere-Biosphere Pro-
gram, 188RY Mesoacale studizs such 23 the Generation of Atlantic
Lows Experiment (GALE) in 1985 and the proposed National
STORM (Stormscale Operational and Research Mcteorology) Pro-
gram (University Corporation for Atmosapheric Resezrch, 1933)
also involve huge data volumes.

Efforts of this kind require vast amounts of background data
such as surface pressure, winds, and sea surface temperatures.
Typically, the field phase of such measurement efforts utilizes
satellites, chipa, drifting buoys, radicsondes, and other platforms
operated by many diferent cooperating nations. Thiz necesaitates
the operation of one or more international data centers and affects
most national data management activities. The capability to as-
semble end cvaluate and, if necessary, repair or adjust large sets
of background data is also important.
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In addition to intensive field programs, there is a contiruing
need for long period data e2ts to understand ~hanges in the earth’s
environmental system and to examine global changes in the atmo-
sphere and occan zesociated with certain cvents such es the El
Nifio or atmocpheric blocking, It can be very deceptive if only one
such e *nt is studied without comparing it to several others. Of

prime impoertance cre various “historical® data sets involving sur-

face, marine, end upper-air measurementa frem around the vrorld
(e.g., Climal Raeczarch Committes, 1963). However, since most
inirumental measurements extend back only a century at most,
a variety of proxy mcthods are alzo used to ootein quslitative or
quantitative estimates of conditions in the distant past.

Data are also needed to cope with a number of pressing eci-
entific problems pertaining to the long-range transport of sir pol-
lutants and climatic variability and possible changes (e.g., Board
on Atmospheric Sciences and Climzte, 1983, 1084). Since carbon
divxide, methane, and other trece gaces can affect tho climate, it
is necessary. to know how tha atmospheric concentretions of these
are changing and to isolato the cources and sink.. if one courcs
for methana is rice puddies, date will be needed on the changing
amount of land uced for rice, the relation to irrigation practices,
and the chenging uce of fertilizer. Although many dcteiled mea-
surements ors needed to understand & process, meny do not have
to be carrizd out routinely in the future.

Many data cats sre heavily used once they bccome read-
ily availsble, For example, Australia began twice-dailv couthern
hemisphere analyses in 1072, Thess first ba ama aveilable at the
National Center for Atmospheric Research (NCAR}) in Boulder,
Colorado, in 1977. From 1078 through 1984, there were 62 sep-
arate 1cquests from 44 usecrs for the grid data, There were an
sstimated additional 20 uses of it for on-line computing at NCAR.

At NCDC, about 4 percent of the data requests come from uni-
versities, or ebout 3200 requests during & year from this resezcch-
criented community. The typical university subecribea to several
NCDC publicetions. The state climatological offices also receive
data requests from many university departments. For example,
the Tolorado Climate Ofice has reccived requests from 25 differ-
ent research departments,

The availability of data for research has improved greatly in
the last decade. However, research is still often constrained by
data availability and coot. Many data scts are not available in
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computer-compatible form. For these that are, the mest recent
data must often be coded coparately and merged with existing
files. Very often inzdequate documentation, incompatible formats,
missing velues, and other prublems hamper data uss,

Data coats have generally decressed bud may still become sub-
stantial. For exemple, the current chargs for a copy of a megnetic
tape stored at NCDC i3 about $125, roughly 10 timea the cost
of the magnetic tape itself, Soveral magnetic tapes ore typically
required to obtain data for multiple parameters and/or tnultiple
stations. Selective extrects can be subatantially more expensiva,
In general, however, coats of this magnitude can be incorporated
into research grants. Larger data aats, e.g., from satellite instru-
ments, entail much larger data expenditures, often on the order
of $10,000 or more. These typically require much more advance

planning and come undar much closer scrutiny by funding agen-
cies.

23 THE VALUE OF CLIMATE DATA

As the previous scctions illustrate, climzte data can be extremely
valuable in a wids varisty of cconomie ectivities. Morcover, their
value is constantly growing oa data become more complate, more
timely, and more useful for an increasing range of activitiea, Un-
fortunately, careful quantitative snalysza of the value of climate
data are rzro, and even qualitative azazzaments are availabla in
only a few econemic sectora. Thia has made it difficult to increass
recognition of the utility of climate data in many secters. It has
also contributad to problems in justifying the relatively small in-
vestments needad to augment or at lezat maintain key elements of
the existing nationzl system for climate data.

In recent years, there haa been an increzsing effort to mon-
itor the impacta of weather and climate events on the national
cconomy. For example, the Center for Environmental Asszssment
Services (CEAS) of NOAA has cstimated that the zavere winter of
1932 led to direct losses on the order of $8 billion in a three-manth
period. Production losses, property damage, increzsed energy and
transportetion costs, and agricultural losses each amounted to
some $1 to $2 billion (CEAS, 1982). Thompson (1977) indicates
that defensible weather lossea amount to sbout two-fifths of the
total. This gives some indication of the magnitude of the poten-
tial value of climate data in each sector and to the nation a3 a

S o e s - —— =



\ . C g

w’"""’ﬂ*{:\:}s

P il

(ML b A i A ey S

7T

P BENP RS AR AL o e W AP O L e DA O it i K A
N

(R

Ty

T o
S s = ¥ B

.
o

T ca
b PN SR
N P st e

v

¥

4 BRc
S L
5

.

Wt !

P s

Y
~r

O
DR AE NN

k

“ me e Cmeees s Wme reete ma

P AT L I A, SR VR et ven b [ U e e ey

28 ,
whole. Howaver, mnat sstimates of this kind are atill very crude
and subject to importent methodological deficicncies. The latter
include pezsibla double counting of certum types of locoes, omission
of indirect effzctns and opportunity costa, and inadequate quality
control of data cources. Recent cfforts la the United States and
abrozd to improve impact esszssmont techniques chow consider-
able promica (e.g., Iatea et al,, 1835; Parry ot al., 1680; Dasterling
and R! bzame, 1855; and Borisankow, 1935), but much further
work remeins to ba done.

Another probloin has been that record keeping rogarding the
use and valuz of data have generslly been poor. NCDC, for ox-
ample, cle=cifies ueer requests in tarms of the end user rather than
the end uss, Tho result is that it is known that meny individuals,
lawyers, end butinesa mansgers ucs NCDC data, but not what
they use it for and how they uss it. Moreover, thera are impor-
tant zectors of the cconomy in which end usea tead to be irregular
tnd end uzees ars widely scuttered or obtein weather ond climate :
infermation through indircet chennels. This is cftca the case in
the mining, conctruction, and whelesale und retail trada cactors.
Unfortunately, the net eficet is that thesa gectora tond to dreve less
ottention and fewer rezourcea in ths national deta oyztem then is
werranted.

It is also impertant to recoznize thet the value of climat> data
extends bayond ths ceonomic benefita of increcced e{[eisncy or
reduced cconcmic losscs. Significant health, sefety, and general
welfare benefita may alco sccrue, Although it may be pessible
to cesign rough cconemic values to such benefits, e.g., through
*willingneza-to-pay” catimeates of the value of public goads, they
ghould otill bs conzidered in their own right. These noneconomic
bencfita may be classified ea “physiclogical,” “poychologizal,® and
“cociological.”

The physiological value of climate data partaina to tha physical
heslth, safety, and comfort of people. Land ucs planners and
architects draw on knowledge of historical elimatic conditions in
providing shelter from tho olements, healthful living and working
environments (e.g., vis-o-vis air and water quality and aeathetics),
and comfortable and convenient fscilities. Enginecra explicitly or
implicitly utilizo climate data in designing bridges, dams, roads,
and other facilities for cafe operation. Recl-tims and predictive
climate information may elso be uszd to enaure that health, safoty,
and comfort are muintained. ,
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The paycholerical valuo of climate data liea in benefita to men-
tal hoalth erising from improved information end desigr., Exam-
plea of cuch bencfits ere bettor mentsl preparedness end reduced
montal edrcea during cdverse climatic episodes and incressed en-
Joymant of one's curroundings in both tha cveryday cuvironment
and rcercetional cottings. For instence, informaticn on weather
and climate conditicns around the world moy aiiaviate en individ-
ual’s worries cbout family or frisnda or meke his or har vecation
more cnjoyzbla becauze of poor conditions a4 hema, (Of courss,
the oppocits gituation is 2lco bound to occur.)

Tho cociolegical value of climate data relatas to the reaolution
of sociel and palitical decisions faced by individuals, communities,
or socioty &8 a whola. For example, information about the climate
of specific resions may be cn important {actor in migration de-
cisions. Climate data may tid in appropriate plananing for parks
end greenbalts in urban zreas. The dovelopment of clternative
rezponses to aequifor depletion er desertification based on climatic
data mzy provide the means to presarvo traditisnel lifestyles or
other cultural preforences.

Both tho csonomic aad nonsconemic banefits of climate data
discuzzzd sbove require much further expleration, An important
task will ba to asssas systematicelly theze benafits for all zoctors of
the cconomy. This should be done woing a comprehenzive, clearly
definod, cud widely recognised clasaificction cchema such as the
Standerd Industrial Clessificetion Syztem (Offic2 of Monagement
and Budget, 1072; Office of Federal Gtatistical Policy and Stan-
dards, 1877). The results will need to be transleted into a form
underntzndable to the public and to relevent czezomic and so-
cial decizion makers throughout the nation. Thy climatological
and metcoralogical communities, with the cuppart of eppropriate
funding ageucics, chould take the Ised in carrying cut this critical
task,

Even without such a comprchensive study, the fragmentary
examplcs discuzzed sbove indicate that the beacfits of climate
data are large and diverse. Also, they are almeat exstninly growing,
given the many ongoing technological and cocial changea that are
affecting the utilisation of climate data and demonatrated by the
rapidly growing volume of requests for climsatas data, It is the
pancl’s viow that clear understanding of the sncveasing value of
climate data throughout the nation’s cconomy should drive decssion
making regarding tnveetments in and management of the naticaal
eystem for chmate-related data.

'
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3
New Technological Promises

A great varicty cf new date-reletzd technologizs have been in-
troduced in rocent yeazrs, ond oven more ave under development.
Thesa technalogies promiza tremandous improveinents throughout
the nationel data cyetem, from data collestion ell tho wey to date
dizzzminstioa and usa. Whils it is cerdainly bsyend the ceope of
this repord to idzatify =il now technologiza ond cssesa their edvan-
tzgoa end disadvantages, it is uesful to hiskinht coma innovaticns,
both recont end imminent, and Lrisfy to dizsuza their potontial
implicstions for tha national climeto data system.

3.1 OBSERVING SYSTEMS

New technelogy hes wrought drametic improvemants in weather
znd ¢'mate obsarvation, data communication, cad data processing
in the peat two decades, and even consorvativa forecests anticipate
more improvement in the near futura. In particular, our capabil-
ity to gather data, especially at remote cites, and to communicate
theas deta to a procecsing center in a time frama useful for opera-
tions i3 expanding greatly. This is making more data available on
a real-time basia (i.e., within minutes or hours of obzervationa) for
weather monitering and forecasting. It is also ropidly increesing
the quantity of data and information availeble on a neer-real-time
basis (i.0., within days ar weeks) for o vazioty of zpplications.
Theza developments have impertant implications for the climate
data management system dud promise great benofits in a wide
variety of applications,

27
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The most obsezvable impect of tochnology on weather and
climate data ia the rapid growth in data volume. This growth ia
primarily due to new obsarving eystoma, eapecially remots coneing
syctems such 28 Doppler radar crd eatsllita-bazed imstrumanta,
However, an important contributica to data volwmos is olzo the
“proccazing® of data 23 pert of the collecticn phess, For exxampls,
many new systeres require lergo quantities of ancillary data {e.g.,
information on satellite positioning and instrument oricntation)
and eophisticated, date-intenzive enslyzes of cctusl inctzumont
“rezdouts.” This zcpect of data genaration is likely to inerease in
importance in the futurs,

It is uccful to look briefly ot caveral categories of weather
and climate observing systems, the recent impact of techrology on
them, and some implications for the future.

3.1.1 Conventicaal Data

The impeet of technolozy on cenventisaal data collection hea eene
tered meinly on tho collection of routins obsarvations from hetato-
fore data-cpares ercza. Unmanned obeerving ciationa exn now
operate at remota cites, vouslly with coler povwer, co-cite digiti.
sation of the data, and comstimes even limited precseszing cad
houcckeeping using o built-in micreproccrzor. Many cistiona of
this kind have the ability to tranemit data ta o central focility
either “on commaud® or on a regular cchedulz by tslephone or
redio tranamitter. Others cen store data for long perioda for oc-
czsional retriavel.

Notably, the growth in volume of conventional data due to
technology hzs not beea large in comparison with other typea of
observing systema. The futurs appears to {avor steady evoiution
of conventional data collection via fcdorzl networks. A poten.
tislly significont dovelopment in conventiontl data collection is
the growth of state and regional networks that use automated
stations and telecommunication syatems to obtain data in rezl
time. The expectation is that thess networks will gerve opecialised
necds and thus have a complomentery rather than compatitive
relationship with conventional federal data.

3.1.2 Satellite Data

Satellites have opened up new opportunitiea for collecting weather
and climate data in the past 25 years—and new vistas in data
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voluraza. One GOES catellite generatea some 20 gigebytes (ie.,
20 x 10° bytes) cf data per dey, more than 1000 timea the 10
megabytes per dey for the total of cll conventionel mztzorological
data collzctad in tho fcld-ofeview of that cama GOES catellito.
Otker extellita cycioms, cuch ¢y TIROS-N, N-RCSS, METEQSAT,
and GLiS akoo gonerats large quantitics of data, making the total
voluma of cztellits dota oven mere overwhelming,

But velums docs not necescarily reflect ceiontific cignificance.
Satzllits mazoupcmenta cre romoste measuremants, usually of elee-
tremanectic radistion in celacted portions of the elociromeagnetic
gpcctrum. Much calibraticn, precsszing, and verification are
reeded {o relate theed meoasurements to conventional in-citu mee-
suremants and to mako them “mcaningful® to the gencral user.
Carcful erslyzis and judicicus gelection of data are reguired.
Oro immzdicto problem is therefore what and how rauch satel-
lits waather and clim=te data to collect and zxchive to pressrve a
climatelogizally cicuificant record for enalysia.

‘Tho volume cf catsilite data will certeainly continus to incronss,
psrhaps ot on increzzing poce. Tichnolopy is cpeaing now creas
of tha clzctromagnetic epectrum, cuch os the microwave region,
to remots cencing cxpleitation, Furthormere, prezznt-doy cotels
lita czosing tochniques czo “posaive,” i, they rely on noturally
emitied rediation, New catollita 6ystems such ea the Navy Romots
Ocezn Scucing System (N-ROSS) era opening the door to a whele
nevs cra of “cetive® remwota cencing, invelving leter- zad redar-
ba:m;\ instruments with even greater deta volumes (e.g., Schnepf,
1835).

3.1.3 Rader Data

To date, moat radar dota are available only in the snalog for-
mat end ars archived g3 radar images. Thus, they ere difiicult
to uzs in climatological analyces and of limited practical utility
in climate applications, However, recent davelopments in digital
radar systemas suggeat that quantitative messures of rainfall may
be pozsible.

In the next dzcsde, NEXRAD will 2dd huge volumaa of digital
data to our inventories. Beasic decisions about archiving and usa of
thess data will necd to be mede. As with any technology aweiting
introduction into the operational arena, we can expect significant
advances in understanding and applying specialized radzr data to

.~y
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weat?or and climate problems (e.g., Natiorel Reszarch Council,
1885). .

3.1.4 Other Data

This cetazory encompessas atmospheric wind prefifors, losanbased
oyctems, pollution monitoring oystems, end other cystems nct
epacifically mentioned above. Atmospheric wind predlers, which
utilize Dopplor redars to macsure stmaspheric moticn ia the tro-
pocphera and etrotozphere (Baleloy and Gegs, 1232), cra likely
to mova into the opcrational eavironment in tha next few yearn,
if tho current demenstratica network proves succeszful, Ground-
and eircraft-baced lidar systems have recsntly besa used to inves-
tigate tho trancport and diffusion of pollutants and wrter vapor
in the tropsaphere (Uthe et el., 1635; Mol and Whitsmen, 1€35).
Systems cof this kind not only provide now typea of dota on at-
mospheric parameters but alzo ronch greater epatial end tempsral
reaolution than conventionel instrumantation cuch e3 redicsondes.
Futuro tzchnological cdvanecs premisa more types of obcorving
syatomo in the future, many of them bzs:d cn rcmoto sonsing
methods,

An erea of technology that hes already contributed signifi-
cantly to observing-system improvemsata is microproceszor toch-
nology. To date, improvemants have largely beson by data commu-
nications (as discuszed in the next ccetion) and in the vercatility
of tha data collcction syciem. Meany cystems now provide for au-
tomatic sceling, limit checking, modification of the data collection
schema with changes in the data, and so forth. In tho future, it
skould be pozaible to convert deta into information at the point
of collection. This is already being done to coms extont in the
satellits £cld &3 on-board procecaing. Howsver, much more could

bo done. This is perhops the mozt exciting erea of improvernent
offered by technology.

3.2 COMMUNICATIONS

Communications has always been, and probably will always be,
the lifeblood of operational meteorology. Thore ia probably no
more cloquent demonstration of this fact than to cits tho NWS’s
origins in the Army Signel Corpa. While the came hza not been
true in the past for climatologists, the rapidly blurring distinction
betweon weoather and climate diccucesed in this report is also rapidly
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obviating the climatologist’s nced to eccomplish hia or her mizsion
with “old” data.

The sama tochnology that helds such promiza for improving
obcorving systems, namely the microprocezcor, clso helds groat
promise for comununication systems. Thers hza clreedy been a
great shift in communicstions from the anelog to the digital do-
main, espzecielly cince much data digitization cen now be per-
formed =t ths colizction site. Digitcl communicstions in com-
bination with powezfel microproccacera ereato the copability for
cssendiclly error-frea data trencmizzien through ervor detection
end correction techniques. Thus, data bases constructed on-ling
con now ba fres of transmizsion errors, traditionsally a majar cource
of error.

New communication technologizs also give relatively cheap
and fairly high-opeed zecess to data bases. For exempls, modems
now aveileble for under 92,000 provids zuto-dicl, cuto-znsvwar ca~
pability with full crror detection and ceirecticn ot cpeods up ter
10,000 bita per cecond over a switched network (dizl-up telephons
links). Cepabilitics such as thees eliminato the need for dedicated
end oxponsive communication links, Real-timo czenss to data i
czzenticlly availabls to all thoza who need it.

Anotker erea of technological dovelopment in data commu~
nications is in the collection of deta from remote or inaccaszible
areas, This hes been made pozaibla threugh the improved copabil-
itics and deereasing costo of tranzmitting and receiving equipmant,
microprocecsors, colar colls, catellits links, and co forth. Remste
data collcction platforms have becomo compact, relizble, lang-
lived, znd inexpencive. Such pletforms are helping climatologists,
meteorologicts, hydrologists, oceanographers, and others fill major
gops in data coverage.

Technolegical progreza in data communicetions encompasses
goftware 23 well ¢ herdware improvements. This area is often
neglected in planring for new systoma, but is often the mast critical
to their success. In many instances, total software development
costs may exceed herdware costs by an order of magnitude. In
the communications arca, software is crucial becauss it permits
communicaticn between diffcrent systems and betwesn equipment
manufectured by different vendors. At present, limitations in
software are a major obstacle to large-ceale networking and error-
freo communications. At a minimum, a range of communications
stendards and protocols will be required for difezent types of
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communicstions, This iczuo is newr beginning to recsiva attention,
8o thot como zlioviation if not rezclution of problsms may be
expseted in the future,

3.3 DATA PROCESSING

Some of tha mest stertling technological edvences have bezn mede
in the area of data procecsing, In the past saverel deeades, com-
puter procezaing power s mezsured by the number of instructions
that can be handled per cccond hes increzsed by coma four or-
ders of magnitude, Deis handling and transfor rates have also
improved cignifleantly. At tho samo timo, coats have dramatically
decreaazd, co thet todey's micrccomputer priced ot only o fow
thousand dellers pozszcess computational abilitiea comperatle to
those available frem the multi-million-dollar machines of tho 1250,

Still, prezant-doy minicomputers and mainframcs, &s well 23
most existing “cupsrsomputers,” are cozenticlly coriel procsssora,
Tho ccmputer's centrel processing unit (CPU) obleina its inotruc-
tiona and dzta from its memory step-by-step, pausing after cuch
step oz calculation to eond the rezults back to mamory, All of this
hoppens ot what o human would conzider blinding speed, but the
froquent delaya &3 tho CPU weita for data to coma end o esa long
to o cystem that mersures time in billionths of a sscond.

The next gonoration of cuperfast computers will probzbly be
evailablo in the ecxly 18503, In this ncw technology, clreedy em-
ployed in comao applications, dperations will secur in parallel rather
than gerielly, Many rmall proceccors will work on varicd tesks
simultzneously, constantly communicating with each other. This
should lsed to enhanced supercomputing capebility ot & prico from
10 to 30 percent o the cost of current supercompusess, Concurrent
proceecing architccture should aleo find its way into microcomput-
crs in the 16803, greatly increasing their computational power and
ability to sccess large data sots.

Ancther eren of promisa is in more cfficient systems for data
handling. This involves improved softwere, more integrated op-
erating syctems, more user-friendly coftwere, greatly improved
data base menagement systems, and pocsibly speciclized data
bass computers. Telecommunication and local area networks are
alzo improving, cllowing easier access to data setz from remote
locations and rapid transmiszion of large amounta of data, All of
thece aro now in differing stages of developn.ent.
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delayed time,

or two of oystema chould considzr thess falling costa.

3.4 DATA ARCHIVING

often herd to read,

\ b

it is not the right medium for archiving data,

e v e it e it et e

3 ' Deta coftware and systems will be furthor enhanced through
! \ tha vsa of intelligeat eyctoms end artificial intelligence (Al) toch-
‘ _ niqusa, Theca techniques a&txamp% to pu$ more decizion-m=king
‘s f cepability into conputer gofiviaza end hexdware in order to reduce
J / . tho burden that human exporta muct row bear, The greatest near-

s ‘ terin potenticl will prabably bain tho erea of eutomatic, recl-time
RYARY ' dois quelity contral. Combined with nsw data menagement meth.
fo ‘ ' ods, Al techniques should provids o pateat moans for enbancing
S . dasa quelity whils reducing data handling costs, Howover, cuch
: techniques performed in recl timo cheuld never replase eaveful
‘o chezking and repair of dzta ests for quality end cempletonesa in

Almest ell of theso technological edvences are puching down
tha unit costa of procossing dava. Planning for tho next genceation

; Several different types of modia cro currently being uced to archive
/ , dcta. Thess includa poper recerds, microfcho, magnetic topa, and
/ ' ; maguetic disk. Tho problema cf paper exe cbvicus: volums, cost,
e vulacrability, and co on. Micrelehs i3 proiiferating ond ia easier to

; / ' uc2, but onz muss craste, store, reteicve, and cecerais, Iés primary

' / ! dizadvantages are that it is neb comnutsr compatibls, and it is

Mognatic tepes are the becis archivel methodology for digital

. : | data today, but they prescnd on cver-incrazsing problom. The

A dota doncities and storege capacity they can provide ere becoming

Y incrersingly limited relative to tho tremiendous quantitics of data

' / . generated by eatellites and other inctrumenta, They ars dificult to

' } handle and stors and requirs caraful environmsntal control. Each

' time a tepe is uccd it must bo picked up from its storage bin,

t moved to & computer, locded, sesessed, unloaded, end put back.

1 i Proceccing very lerge deta cota often requires that data bz pulled

/ i off a vericty of topes. This ia inconveniznt end costly. Also, tapes
lozs data in tima if they aro not periodically rewritten.

Finelly, the magnetic disk is beginning to approach ita physical '
limit in data storego capacity although higher capecity equipment
continues to bo doveloped. It will ccrtainly continue 23 a key
methad for staging ond procescing data in o dynamic mode, bixt.
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Saverz]l emerging technologics offer improved archiving ca-
pabilitica ¢t lower costs, Now high-capacity magnetic disks are
beginning to coms on ths market. Uniortunatzly thesa are still
not edequasts for mest archival purposce, Alco available eve emell,
high-capacity tzpe castridges. Thess are en unp'-ovcmnns on the
current tzpo cituation but still present difficultics in finding end
accessing ceguentiel data.

The m=-3 ctorego systom thet eppaars to held the most
proxm.,a in the long term, particularly for climate and weather
data, i3 besed on lasar “optical disk® technology. In this system,
a lessr beam driven by digital input eszontially burns a hola or
raises a bump on tha surfeco of a disk. The precence or absanco
of a hole or bump can bs reed by a low-powerced laser Leum os
a bincry bit. The data can be written only cnco but read many
times. Tkis superficiolly simple concept offers a usta density 10
times that of current magnetic disk technology. It i3 eventually
expocted to yicld densitics 100 times that of magnetic dizhs.

Optical disks coms in a vesizty of cives, A 5-1/4-inch disk
availabls teday stores 100 to 500 megubytes of dete. A 12-inch
disk may held 1 gigebyto (1600 mogabytes) ef data per side or &
total of 2 gigabytes of date, Future 14-inch dicks wro expected to
hold up to 4 gigebytes of dota per cide or 8 gigebytes of dats per
disk,

Opticel disks end disk drives erve now availeblo for cinglo-
unit drives for both mainfrzina and microcomputare. Their costs

» are dropping ropidly. A drive is now aveilable for under $1,000

wholegala thet can {it into a ctandard micreccmputer disk drive
slot,

Opticnl disks have eleo been collected in a “juka-ber®-like
unit in which 64.to 150 of thece platters can be keps on-line.
One unit now avéilablo c2n Lkeep some 100 disks on-lize, & total
of 200 gxgabyt.s of deta. Another thot is under development
(probably cveilsble in 1887) will provide cpproximstely: 150, 14-
inch disks on-lino for o total of 1.2 terabytes (1200 gizubytes)
of data. More of theso devices will likely be available in the
near future. / Today, a 200-gigabyte juke box cen be puschesed
for $95,000 to $125,000. Compared with previous syciemis, these
systcms prdvxdo an cxtremely low per character coat—on ke level
of the con§ ‘of paper ntornge. They 2loo promice substantinfizavings
in archxvmg tho masaive volumea of data generated by satzflites. It
should be noted, however, thet present optical disk costz axe still
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higher than these for some magnetic mediz, and that the ceats of
mcst media sze liksly to drop cignificently in tho future.

A mzjor adventeso of optizal disk storzga i the dogres ef data
permeaenca that i$ provides. Current cstimates ase thet data on
an optical disk can bs guarantecd for 10 years, and much longer
lifstinizs ore pomsible, The cnvireamental coatrol nozded for this
storano meodium is minimol, The dick cusfeco i3 protested by a
plestic cozting, co that diska may be eisred in a esbined without
cpecial recko or censiant temperasuro end humidity, Rosesrch is
ongeing to develsp eresablo optical dicks, that is, disko on which
data czn bo written, craced, cnd then replacod. It is not clear
whether this will even ko pocible or procticsl, so i4 is unlikely
that such tschnology would bo avzailable before tho carly 16503,

Haoppily, tha future user community for this meeoa storage

asthod hes alrecdy begun to plan for its utilizetion. A num-
bez of comumittees huve been established to develop stzndards for
hardwere, coftware, cnd interfaces. Alco, cavaral peiantific and
commsreizl orgenizations heve begun to develop mathadclogy for
indexing, cateloging, end updating data ca optical disks.

Other crchival techuolosics ure cloo amorging, For exemple,
a ctanderd Be1/4-inch lezsr CD-ROM (compact disk, road-caly
mcmory) dick can rois ba uoed to recoxd 580 mezabyteo of date.
Vo will oleo cza on increscing uss of mizreflm graphics, stored
in digital {orm, thed can be called up from exchival devices. This
will permit moro ready accosa to cither dicital deta or nssociated
grephiza o4 lsw cost and high cpacda.

3.6 DISSEMINATION

Hiatorically, climate data were commurientcd in published form.
Proccesing, trenseribing, and quality ceatrol of climaste data were
elow and tedious. Data filse were small, and tho capacity to deal
with large volumen of data in real tims Gid not exiat,

Climato data publications continue to be an indispensable
tool for tho grozt mejority of end users. Publicstions provide
ropid end vercatils 2ccesa to o wide variety of deta st low cest.
They genovelly provide important supplementary informstion on
data sources, data quality, and data usa and help prevent repeti-
tious extrzcticn from cource documents., Continued distribution



- Sme A e e vt e am——

36

of key publicaticns to individuals, busineczes, Libraries, and oth-
ers i3 criticel end can indecd greatly cnbancs the utility of data
dissemineted by other means.

With the arrivel of electronic raedia, user requirements have
changed, cnd the volumes of data requested have grown rapidly.
Computera arrived concurrently with and contributed te s “knowl-
edgo explozion™ that hes both created a grestly expanded der and
for climate data and mede their supply nocecasry and pocsible,
They not only fecilitate publication but also provide new appor-
tunities in tho storage, handling, and procezsing of climate data
by the uzar.

Civilizn ucers currently obtain climate-related data from a
variety of carvice outlets. These include:

1. Nationel—NCDC, CAC, CEAS, and NCAR.

2. Regional-—Regionzl climate centers serving the mutual
interests of a group of ctatea.

3. State—Climate services dedicated to ctote interests oper-
ated by tho state climatologizt or state egencics.

4. Local—NWS locel offices, private companies, libraries,
and co on.

Tha currcnt proliferztica of microcomputers and perconal
computers in the homs and ofice combined with the ongoing
modernisation of communication networks is rapidly increasing
opportunitica for dizect on-line interaction with data. Cne exam-
ple of this is “videotox,” & generic term for intoractive corvices in
the home via computcr or televisicn set. Such cervices are likely
to include aceess to certain climate and weather data, depending
on demand,

Another area of interest is the effort to incorporats “natural”
or conversational language into the interfoco between users and
data bazo systems. This would permit the ley person to aceesa data
and information without having to learn a great dsal of computer
jargon. Similerly, development is under way of a common “front
end” for heterogencous data basea. Since mzny data hasza ro aot
compatible with eech other, a high-level data base nienagement
system could be used 23 a common entry point to divereo data
sets. Ecsentially, cuch a system would provide eccezs to a data cat
regardless of its structure.

The CD-ROM technologiea will potentially pernnt dissemina-
tion of large quantitics of data at extremely low ccet. CD-ROM
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disks are spproximatsly 3-1/2 to 5-1/2 inches in diameter and can
store zs rmuch a3 352 to 500 million digital chorecters. The wer
cannst write on theco disks. They do not need a great deal of
cere and can be utilized continuouely. The coat per disk should
be on the order of 310 once mester copies have bezn produced.
Disk readors, which interface with perconal compaters, may dro

to lees then $200 cach. -

Innovatioa is elzo occurring in the dissemination of weather
warnings and otuer information via computer networks and eles-
troaic mail. Many such networks have been developed by private
scetor groups who provide valus-cdded information eervices. Com-
petition in the marketuincs hes engendered numerous inncvative
graphical end textual products st rapidly decreasing costs per unit
of information, Thess products cre reaching an increasiag number
of users in & variety of cconomic eectors.

Many of thess acw dicsemination channels take advantages of
improved msthoda for “packeging”® information. For example, so-
phisticated grephics peckages heve been developed for displaying
weather and climato data in three dimencions, in multiple col-
orz, end in combinaticn with photographs, maps, or animation.
Specch synthecizerz ora already in common uee in telephone-bazed
epplicationa, Many cf these cepabilitics have been trancferred to
microromputers, co thet uzers can themselves contrel data presen-
tation to suijt their own needa.

3.6 UTILIZATION

Traditional users of climate data srere concerned primarily with
the hiatorical perspective, i.e., using the historical record to predict
levels of future rick or simply to delincate the nature of climate
parameters that identify average resource potentials, Data in the
form cf tables, diagrams, and mepa were usuelly desired. Mcean
values, end perhaps maxima and minima, were the primary con-
cern.,
Most end users still have theee interests, but there have been
major changes in demand particularly for research, resource and
environmental manzgement, and risk assessment. End users now
expect more from their data and are becoming more saphisiicat~d
in their use. Although most requests ~re still for hard cupies cf
data, a rapidly growing aumber of userr request data in electronic
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form. More uzara recognize the varisbility of climate and there-
fore desire data on frequencies, extremes, and other aspseis of
variability. Many utilize sophisticated models and alzorithms to
convert available data into usable informetion. Inrovative uses in
nentraditional eress such a8 constructica, recrection and tourism,
transportation, and urban planning ars eapanding dota nseds to
new parameters, new locations, and unuzusl spatial and temporal
scales, )

Demand ia alzo rrowing for curzont a3 well 23 comparst.ve
historic data for me. locations and pzrameters. For exam.ple,
the North Central Repioael Climate Center supplemonta Cata re-
ceived from NOAA's . .i*OS system with data from state and other
sources. The combined dzta set provides more precizo interpre-
tation of the climata at the county level, greatly sscisting local
industry and others. Activities of this type necessitate a change
from the traditional ecquencing of data processing and auality con-
trol practices. They take advantsge ef “f=at® transfer functions,
computer models, and “real-timo” data procexing cepabilities.
Ongoing technological developments in microcomputer herdware
and software will elmost certainly enfiznze these cepabilities fur-
ther and male them even more cconcinicel,

Decision makers are also incressing their uss of computers
and computer-based models. Their demandsa are usually for site-
specific data, eatimates of rick, and pazkaged information. They
frequently require spatial and temporal detail that is not found in
national archives but must be estimsted by interpolation or ex-
trapolation. Typical of these demands are those for construction,
environmental accessment, and facility siting on land and offshore.
Time scales range from short for operations to long for strategic
planning. Public sector requirements often consider larger spa-
tial scales. These requirements ofien deperl on the initiatives
or concerns of government and the cotnmunity at a specific time.
Definition of this diverse need and developmeat of the capacity
to respond require consultation with the suppliers and users—
government, ressarch, and private—on a continuing basis.

One example of the innovative and highly successful use of
climate data is the University of Nebraska’s Automated Weather
Data Network. In carly 1385, this network consisted of 43 stations
that are automatically interrogated daily. Most stations are in
Nebraszka with some in Kansas, South Dakota, end edjzcent states.
The syatem provides data to AGNET, a computer system that
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provides farmers with informstion and applicstions relating to
crop ond liveateck production and marksting. Tho climate data
ware acessstd rmore than 15,000 times in 1034 for uce in problems
such 3 irvigaticn schoaduling snd crop development assessment.
Thias demonstretos the utility of data eycterma tuncd to end user
requiremneats, Similer focilitica could be uccd advantegeously by
other ead ucers in a number of arezs and ezctors.

3.7 SYSTEM ARCHITECTURE

A critical but cften overlooked area of technological progress is in
deaigning advanced cystem architecture. Such erchitecture may
cacompasd:

1. Virtual climination of manual data entry and transfer.

2. Repid eezimilation of real-time data for use with historic
and nearreal-tima data,

3. Improved quality contrel in beth real- and delayed-time
moda.

4. Botter fsedback batweea different data functions.

5. Clozer monitering of facility usage and cesta,

6. Greater cimplicity and consistency in user cecess and inter-
face.

7. Flexible data transfer and interchange with other systems.

For example, it i3 now pocsible to conceive of & system where
data are manzged from collection to uss entirely in digital form,
thareby reducing time delays and tranceription and transmission
crrora to & minimum. Experts and end users would have access to
the methods uzed at any particular stage of data processing. They
could rapidly compare and combine current data with long-term
climatic ctatistics or with data on the recent past. They could
also easily transfer data and information between different users
of the syatom and to or from the system in any of a veriety of
formats end media. The end uszr or facility manager would know
what coats were being incurred on a real-time basis, A simple,
consistent ucer interface would reduce the inveatment necessary
for a potential user to take advantage of the system.

Elements of such integration are now emerging in present
and plannad systems. For instance, extremely fzst, high-velume
data transfers are now possible between many computers using
ground and satellite communication networks. Networking of

f
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microcomputers and mainfremes of different manufzcture ia ine
crecsingly commonplace. Optical ccanners, inexpensive digitisers,
touch-gensitive aerecns, and epesch synthesizera and interprotors
are amoeng the many now input-output devices now b.coming
avzilable. A recort innovaticn has been the development of calt-
ware “emulators® thet simulato tho oporatisn of one type of come
puter cn anethor. Thess permit greater “device independence®

,for many cpplications and facilitate intercompuver competibility.
There have clco besn increzaing calls for the developmeut of usser
interface standards that would incresse the consistzacy of com-
puter use ceross different spplications. This would alzo have the
potentizlly beneficial effoct of providing guidence to hardware Qe
velopers regarding optimum hardware configurations to mest ussr
needs. Meny of the innovations have been or are being incorpo-
rated into mizteorological and climatological data systeras cuch a3
NOAA’s Automation of Field Operaticas and Servicza (AFOS)
Syztem, its planned Advanced Interasiive Procecsing Syctem for
the 19003 (AWIPS-00), end the UNIDATA program being imple-
mented by the Univerzity Corporstica for Atmozpheric Reganrch
(UCAR).
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Problems Stemming from Change

The technological advancementa dzeeribed in tha pravious chepter
have the potsntizl to revelutienize moteorolegy and climatology.
Tremsendous volumes of deda ore flooding in. Improved quality
end timelinas of conventisnal data groatly increzss their utility
end verextility, Netwr typws of dzta ars opening up new arcas of
applicstion, new cppertunitics for economic and cociel benefit
ransing from reduced lesoea due to climatic extremes to inereassd
utilization of tho naiicn’o valusbla climatic rezources.

Tho critical t2ck chend will be to manage tha introduction of
:gcsa rew tochnologiza inta tho existing data cystem in & manner

at:

1. Presarves tho booic integrity 2nd continuity of the data.

2. Mzintzins and improves the system’s overall efficiency and
cffectivenesa,

3. Permits flexibility in and balanced ovolution of system
compoucents.

4. Enhences ths systam's aeceeaibility end cesc-of-use.

None of tho cbove are irivial concerns given the limitations
of ths exizting data system and the mognituds and speed of tech-
nological zhanges currently under way., For cxample, new data
collection systems could erzily overlozd existing communications
and archival facilitizs if propar planning and ccordination were
lacking. Subtle incompatibilities between systems could be very
expensive toremedy. Tha repid rates et which equipment and goft-
ware often becoms cbsoleto could have a severe impact on system
meintenance, flexibility, and integration. The rapid intreduction

41
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of technologies increases the rango of technolozics—primitive to
advanced—that must “cosxist.” Dificulties at cny point in the
system could seriouzly compromice data quelity, complcteness,
and timeliness, and thercfore the eventual utility and velue of the
data to users,

Theae dangers are symptomatic of threa majer vroblem aress
identificd by tho panel. Firot, the explcaive growith in the quantity
and divercity of weather and climate data may be straining the
copabilitiss of the preeent netional data system, with potentially
cerious consequences for its oversll effectiveness cnd integrity. Sec-
ond, the erbitrary ceparation between “weather® and “climats” zc-
tivitics within the federal government appeara to be imposing an
increasing handicap on the efficient management and use of data.
Third, the lack of clear and consistent policies regerding federal
roles and responsibilities in the operation and meintenance of the
naticnal westher and climzte data system and in the provision
of rzlated cervices create an uncertzin environment thet hinders
the dovelopiment of naw data applications in both the public and
privats ssctors, These thre2 problem areas sre discussed in more
deteil in the following tections,

4.1 GROWTH IN DATA DIVERSITY AND VOLUME

As described in the previous chopter, new catellites, radars, and
other observing syctems are repidly coming on-line and will un.
doubtedly increase the volums of climate data by on order of mag-
nitude or more. New types of cencors and naw data processing
techniquea alzo increzse the diversity of climats data and the vari-
ety of supplementzary data needed (e.g., regerding instrument type
and operating procedures and conditions). Growing derands for
real-time monitoring and essessmont of climatic cenditions com-
bined with the dcerecsing costas and increasing cophistication of
automated obzerving stations are leading to move frequeat obzer-
vations of more parameters in more locations.

Unfortunately, there appears to be a continuing gep between
data “creation” cnd dcta “maintonsnce” technologies in many
koy arcas, That is, our ability to generats new date and derived
information hes tonded to outstrip our ability to store and access
data safely and efficiently. Whether new technologica such as the
optical disk described in the previous chepter can close this gap
is uncertain. Carcful planning is certainly neccoaery to prevent
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major data losses end cnsure that cdequate storege and access
fecilitics are availoble,

Whore tho inability to cccommodate rapid growth is perhaps
mo3t cericus, however, i3 in tho diczomination end vse f dats.
No matter howr cophisticatod tha instrumentzation and proccesing,
data cre of littlo valus if potontizl end users are not ewara of them
or do not kave thse cepability to deal with them. Even today,
relstively fow usern have ececsa to ths lerge computers, epceial-
issd cquipment, end technical cxpertiza needed to downlozd and
prece:s large quantitica of catcllite infermation, This procescing
must bo token into cccount in the orizinucl planning for dets sys-
tems, if data cre to ba meds availablo & reacoanble cosb and in
ussblo forma. Likewizs, early conzideration must ba given to data
bese menagemont end dizsomination syctems to ensure feir and
reesonable access to data,

Indesd, tho divercity of data and data sources is now co great
thet ueoro connot in gencral be expected to find the data they need
on their g, This i3 copecinlly trus for ectivitiea in which end
usera ore highly dicasgrezated end hove relatively little ¢echnical
training, e.g., in egriculture or consiruction. Active cesistence,
renging from computerisod data busso, catologe, end directories
to tergeted cutreach programs, is critical

A related difficulty is thet perzonnel who underztend the re-
quiremonts of the expending “information”® eavirozment and the
eesocinted new tochnslogies and their cpplication are cearce. In
general, management itcolf doea not reclly understand the prob-
lem end how to cddresait. Meorcover, tha inetitutions, lobozratories,
and government agencics who deal with data and information in
most ceses do not have the ability to recpond to any but the most
basic qucries nor tha re. surces to acquire the latest deta processing
and erchiving technologiza,

Another serious zspsct of the growth in data volume and di-
verzity is tho potential for damage to the continuity znd integrity
of oxisting oboorvational networks. Deapite the most carcful ad-
vanced plonning, uncxpected probloms such es budgstary cut-
backs, equipment failurcs, cost overruna, and personnel cuts force
difficult trodzofis betwesn now and existing systems. Too often, it
ia the leza glamorous—but no lesa veluable—existing systems that
pudfer. For example, in recent years, the Cooperative Obzervers
Network, the Soler Rediation Notwork, wmd the Reference Clima-
tological Station (RCS) Program have suffered from inadequate
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attention and resources. (This izsue is dizeucsed in moro detail in
Section 5.5.)

Thero i3 of courea no panceea for problems caused by rapid
growth., Neverthelozs, offective preventive and emslicrative actiona
aro pozsiblo. Secnsible planning, ceascicatious manegemsnt, and
firm leadsrohip will ba nesded to find end implement such actiona
in a timely and cquitable manner,

42 SEPARATION OF WEATHER AND CLIMATE DATA
MANAGEMENT

Recent tochnological advances have highlightsd the growing prob-
lems stemming frem the copsraticn botweza “weather® and “cli-
mate” dete functicns within the federal government. Thio scpara-
tion was formzlized whea NOAA's predeceszer, tho Environmental
Scicnce and Services Administration (ESSA), wes catablished in
the mid-18303. Rezpontibility for obzervationel pottvorks wea ro-
tained by ona lins component, tho National Vieathar Service, while
responsibility for “nonwauther” deata procoscing cnd exchiving was
given to cnctlhar lina compoacnt, the Envircumeatel Data end
Informetion Scrvics (now & part of NESDIS). In recont yoars,
the separation of monesement bes led to unbalzneed ollocztions
of rezourcas batwosn clocsly related functions, ineficient znd in-
edequato intcgration of data ectivitics, ond, in some instances,
inflexibility in me2ting importans climatslogizal cbizctivea,

Exemples ebound. In the 16305, many climatological cta-
tions weze moved from urben lozsticns to more rurel airports to
satisfly expanding avistion nceds, Little copsidoration waa given
to long-term climetological requizoments. In tho 1970, the fed-
eral governmsnt ended foderal suppert of tha Stata Climatologist
Program. Only recsatly have steto-cupported stota climetologista
regained their formar lavels of activity ca an important chennel for
data dicseminastion in a number of etates.

A more rocent exempls illustrates the type of problem that
can occur with precent edministrative errengements. For many
years, temperature mecsuremeonts have been taken with astandard
mercury or alcchol thermomsater in & weoden chelter. Maintaining
thess thermomaters end shelters is becoming very eanenaive, Now
electronic centors embedded in molded-plastic houcings are now
availabls that could be installed end maintained at a much lower
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cost, The NV/S hes beea developing and testing censors of this
kind for o numbsr of yzers,

The now canzora oo woll cuited to both weather ead climeto
neods. Weather nezds cza bo met with a consor that provides
the curront temperciure end tho 24-keour meximu end minimum
values, Mast climats needs can alzo bo met with theoa obearva.
ticna, However, the ideal climeto obzorvation is {or ell conzors to
report tho maximem cad miniraum velues for the camo 24-hour
pericd. At precent, this is not tha eavs, bossues mect obestvers in
the cooperativo network aro unpeid volunteara who record obsore
vatiana b a veriesy cf times throughout the dey and night. The
devclopment of & new roncor afforded the opportunity to move
all obzorvations to a comamon local tims, It wes only noceczary
to iucorporate an inexperzive electronic clock into the eznsor co
that valuea could be recordzd at a standard tima for loter reading
1y on obzerver. Unfortunately, this cimplo climatic requirement
wes Lot met in the dezign of the sencors that ere now boiag in-
ctalled, A uniquo opportunity to improva the utility of climate
dats wns nuzced, and the problem cf nonuniform obsseving times
for temperaturc romzing,

Probloms elvo oxist in tha curreat esrenzemzats for dota qual-
ity coantrol. As noted in Chapter 2, data from eynontic cistions
end ccoperative ohocrvers are esat in pener form to HCDC to be
archived. At HCDC, tho data era thoroughly chocked for errors
wing both mechine algerithms and humen cxerinetion, Likely
crrom axo flagged, and o Lst of theos is typically cont—at o much
latcr dato—to the NWS regionel ofice responsibla for tho obaer-
vations,

Notzbly, thers i no cstablished cosrdination raechanism by
which NCDC cen ensure that sources of error are identified and

corrected. Management of the cooperative obcervern in a region i

typiczlly only one of soveral respornzibilitiza held by o NWS em-
ployce. The time end travel funds evailabla for viciting coopzrative
eitcs and for checking on poczibls probloms aro usnally very Em-
ited. Many NWS offices find it difficult to maintain even their own
obasrving cictions in proper working crder ead in rolatively undis-
turbed surroundings. This is copecially trus for the many NWS
officea located at sirports, sshero expanzion of both jet sircraft and
automobils treflic over timo can compromiza mossuremonts.
Similar difiicultics are often encountered in recozrch becouse
of the varicty of data sougces, incomplatenesa of many records,
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uncerteinty es to the nature and quality of dets, and tho diver-
sity of paremeters, mzasurement, and darivation procedures cm-
ployed. Gridded data cats produced o3 byproducts of opcrationeal
numerical weather predicticn, or cpecielly proczaced for pessarch
from more completo cots of bazie cbosrvetions, cro pezticularly
valuzble in climats eyciem reccarch end long-reage fareceating,
Thoy roquire special care in documentation and quality control.
A perticuler problem s thet quelity contrel proceduszes uzced op-
erationolly czn degreda tho quelity of data for reoonrch and other
purposes. Tho rezcarel coramunity veuslly hes littlo ooy in what
quality procedurcs are cmployed cinco thoy cro an cpsraticasl
matter. The dats manazement system muss allow for eppropriate
consultation with tho rescurch community ead other mcjor ond
ucera in doveloping, implamenting, and cltering quality control
procedures.

Other problems relats to tho ond uesr's access to data. In
gencral, the public docs no$ understend the distinction babwein
weathor and climsto datn, Aftor on unucual westher evens o:
during an extreme climatic cpisods, NWS ofifees are typicaily
flooded with requesta for informstica about past cccurreneea and
records. Such requcests cen tako up lerge amounts of fercenstors’
volueblo time. Alzo, NWE porconnel do not uasuclly have acessa to
the full renge of climetic dasa thot meoy bo relsvart, nor do they
necezsarily have eppropiists climatological treining vis.z-vis the
uzo and valuz of elimato data.

Even eephisticnated oad uscrs find tha existence of multiple
contect points-in NOAA confusing and frusirating. For exampls,
it may take only o fow momonts of computer zccezs to obtain
up-to-dat= data from tho CAC but vezks or months to gt com-
parcblo historical data frem the NCDC. In fact, NCDC hes ouly
recently been cblo to access tho AFOS System uced in every NWS
Weathor Foresast Service Offico to manipulate data in real tima
for forecast purpcsea. Similerly, the AFOS system i3 not designed
and operated to cccommodate the diverse, high-velume, real-tims
interests of the ceademic community. Indecd, the costs exocisted
with obtzining coms data have acted &3 a deterrent to rezeaxch,
Recognizing this preblem, UCAR hes recently initiated o program
celled UNIDATA, dezigned to overcomo this interfacs problem.
UNIDATA hes two objectives: (1) to enhance the university com-
munity’s ability to usa new technologies end (2) to achiove cub-
stantizl savings through commonality of interfsco, fecilities, and
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facility op'-ra:: « Eozts cuch o3 this must overcoms tubstenticl
obstccles in dezirnieg a oyctem thas is suflelently poweriul end
ccoacmical yab foxibls enough to ceccommedats o wido range of
oftsa izcompetibis inputa,

Such problama ero particularly distressing fn light of rapidly
chenging technslasios end end uscr needa, As notod proviously,
new commmnionticns cad dots r:ccf::m" technelszics heva cre-
ated mony epportuniiias to raprevo qualily contrel, data aveilabile
ity, cnd deta eceesd fn tha precent notiondd dats eystam. Coreful
intesrztion of cysiom cochitecturo end econsidsrably meanegerial
ﬁs'nt.i.ty vAll ecriaizly bo nesczsory to teko cdvantoage of thess
oppartunitizs, Unicrtuzately, beernss of tho procent scparation of
weasker and climsote doin mancgomant, such intezration and fex-
ibility will bo difculs to achisve, Stzenyg astisus by mancgemant
msay well bs poesonary ¢o remedy this basic preblem,

43 UNCERTAINTY IN FEDERAI: ROLES AND RESPONSI-
BILITIES

Tho fedaral covcmm:nt plays o centrel rels in the inanagemant of
the mation~i climste datn syztom cnd in the provizion of rclated
sorvieca, 0"’er public cad pmam gzstor groups depand grostly
on tha vosd pcosurces end unique cg.p@h.!xtx,a thah it manages for
the public cﬂcd

Unfortunately, theo are ceveral koy erons in which tha federal
governinsnt has failod to ortizulate cloor end consitiend policies
rogarding it reles end respansibilitica, Theza eracs inelude:

1, Thko cupport of bzsic federal data corvicss,
2, The provizien of speciclized data corviess,
3, Dato eccersibility cad cost recovery.

In el of thesa croza, overlapping federal egoncy missions and
changing foderel pricritica hava contributed to confusion and un-
cerbainty. This hes hampered the uzs of climata deata in both the
public exd privato castera throughout the nstion.

In tho zrea of beeic federal data esrvices, thera appesrs to bo
littla coordinatica end long-range planning to respond to chenging
tcchnolozxcs tad nezds. Currently, data are proceszad and stored
in o varioty of forma ond formats, in & number of locations, and by
different grouns. Compatibility is often limited. Although much
progress has been mede by NOAA and cthers in developing data
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dircctories, there ia still no comprehensive courca of information
23 to what data cre where and in what form. Dcta cro obtained
from a varisty of cources with littla coordinztion. Questions of
data quelity often srice. The ccquisition, implementation, ond
improvemant of clectronic communisations eyctems and computer
hardwero aad eoftware eppear to occur ia a piscemeal and poorly
coordinatsd fochion. For example, NCDC utilizes computer equip-
ment from meany diffcrent manufacturers thet have been worked
into a syzism with greet effort end cost. This unplanned mixture
is lsza cfiicient, mere cestly, end pesaibly leas melichls then if it
hzd bssa planned systemasicelly, Morcover, there eppsars to be
no carefully designed plan for improvornent of the cituction,

TLe provizion of gpaciclized data cerviess is another csrisus
concern, Tho federal government moy wall bo justified in pro-
viding certsin cpecinlized cervices that serve critical public safoty,
nctional defenes, or cther public intercsts, Hewaver, it hes often
recorved tho option to begin now eorvicea or end existing corviceain
other arees cuch cs agricultural wesninga and climata forecesting
whero ita responsibilitics are lees well dafined, Tha key issusiznct
whether the government chould provide theso cervices, but that
tho initistion or terminetion of & carvice dicrupts the plans and
ectivitizs of other public and privato esctor groups. Such disrup-
tion hes occurred with the Stats Climatolony Program, the Solar
Radiation Network, ead frost werning eesvicea. Clearer definitions
of long-term foderal roles and rezponcibilitica need to ba developed
in collaboration with other public end private esctor contributors
to and end uzers of the nationsl climato data eystom.

Tho last aren of concorn pertzing to data cececeibility end
coat recovery. Tha value of climats deta often deponds to o large
degres on its ropid applicaticn immediately after identification of
a problem. Repid and certain accers at & feir price is therefore
critical. Pricing is of particuler concern givea the extent o which
public funda and vclunteer observers ars ussd in the national data
syctem. Moreover, data and informstion ara unusual commoditics
that moy requiro epecial conciderction, For example, government-
wide prepayment requirements wore recently instituted at NCDC
despite its very low nonpayment rate. Thess requirements ap-
poer to heve increcsed the average customer sarvice time aignifi-
cantly. Such unnccessary delays can soverely reduce the value of
tho NCDC data and, among other things, lead to reduced NCDC
usugo end thercfore lower leveln of cost recovery.
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All of thess problema make the dovelopment of timely and
efiective corvices in both the public end private eectors difiicult
st Laost, Indecd, o mojor conssquance moy have boen to incresss
tho uncven dovelopmant of climats date basoa end cther corvices
ecrera tho notios, This is particularly evidazt in ctates whore
stato governments havs talan strong leaderchip roles in defining
stato invelvemont in climasta deta ectivitics. Whils innovation
znd diverzity in clafo end regicral climets wetivitics ero clearly
dezirablo, largs extremnen in developinzant could inereaso problems
of incempetibility, rodundeney, end inadaqueto quality cofitrol in
data gencratien, dissaminetion, end use. Cocrdinated plenning
led by the foderal government end involving local, ctalo, cnd re-
gionzl interests in besh tho public and privats centor i certainly
neceerery,
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5
Institutional Concerns and Opportunities

The opportunities and problems identified in the previous two
chapters posa a significant challenge to insvitutions currently in-
volved in climate data management. Thezs ir-titutions have the
responsibility to reapond to repidly evolving technologzy and chang-
ing uzer neads with leadsrship and cencible planning, The latter
will require cereful review of institutional roles and recponsibilitics
regarding euch issues 2a state and private sector participstion in
the national data system, support of the intornationsl datasystem,
maintenence of ksy networks and data besss, end improvement of
disaeminatiol, and end user cervices. To provide a storting point,
a number of thesa inctitutional concerns are discuesad in deotail in
this chapter.

L., STATE AND FEDERAL ROLES

Both state and federal governments reap direet and indirect ben-
efits from the ues of climata data. Direct benefits eccruo from
improved efficiency ond better planning in government oparations
aad programs and from reduced lesses of lifs and public property
due to adveras climatic conditions, This is amply demenstrated
by the extensive uzo of climate-related data by atzto end federal
agencies involved in maneging water supplies, public lends, roeds,
air quality, end other public resources. Likewize, indirect ben-
efits originate with greater efficiency and.reduced locses in the
private cector, loading to more employment, more tax revenues,
and lower government compensution payraents (e.g., for buziness
losses, workmen's compensation, and unemployment insurance).

50
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It is thus clear that both fcderal and state governments have
important stakes in ensuring that climate data are evailable and
are utilized within their jurisdictions. Where their concerns over-
lzp, e3 in water managemsnt, public cafety, and disaster prepared-
nets, coordinated activitica in data collection, management, and
dissemination are certainly neceesary. Coopersation in other appli-
cation arees is also clearly warranted in the interest of efficiency
and rezponciveness to.user needs. Indezd, cooperative climate pro-
grams were specifically mandated by the National Climate Policy
Act and have been given high priority by advicory groups (e.g.,
Board on Atmospheric Science~ and Climate, 1083; Climate Board,
1982). Unfortunately, their implementation to date hes beea very
limited.

Specific state and fuderal roles end responsibilities for climate

data have developed over time and are in many cases specified by -

legislation, It is important to clarify these roles to ensure rational
developinent of climate data mzanagement throughout the nation.
In the pancl’s view. specific responsibilities include:

Federsal State

o Establishrment of minimum o Adherence to minimum
stenderds for obrervations etandards for observations

e Operation of basic national o Operation of edditional networks
otesrvations) networks ss needed at the state level

o Oparation of a national data e Uze of the national data
communications system coramuaications system

e Mainteaznce of a aational e Maintensnce of a state-level
srchive archive

o Coordiaation *vith states 3 Coordination with the federal

government and adjacent states

e Dissemination of data and o Dicsemination of data and

information inforraation

The federal government’s resporsibilitics are greater than
those of states because of its national mandate. Indecd, state
responsibilitica are to a large degree optional, since they depend
on a state’s gensitivity to climats and its wiliingness to cooperate.

Clasification of these responsibilities in terms of specific com-
mitments and activitics is needed to assist other elements of the
national daia system in making decisions about their own levels
of activity. For example, federal decisions abeut access to data in
the national communications network and in the nationa! archives
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will affect the efficacy of regional climate centers that involve
neighboring states. The degree to which the federal government
provides tailored climatological information to specific industrial
sectors will influence private ssstor decizions ebout eapital invest-
ment and ectivity levels. It must be emphaesized hare that the
key issue is ot the specific responsibilities that state and tederal
goveramenta do or do not assumo; rather, it is the clear defaition
of state and foderal roles in the nationzl climate data system to
ensble cther contributors to and usars of the aystem to assess the
opportu ‘ities and constraints that will exist in the future.

52 REGIONAL CLIMATE CENTERS

For several years, NCPO has encouraged and provided partial
funding zuppert for regional climate centers in the north central
and northeast statea. The rationals for these centera 3 found in
the NCP Act, which identified “mechanisms for intergovernmental
climate-related studies and gervices . . . zs a program clement
(Section 5.d.4), and suthorized the Secretary (of Commerce) “to
xake annual grants to any State or group of States [emphasis
added] . . . to conduct climate-related studics or provide climate-
releted cervices” (Section 6.2).

The main recommendation in the repeort of the Climate Board
(1982}, Meeting the Challenge of Clinate, viza that NCPO “take
a leadership role in the development of a coordinated, nationwide
system of climate services involving both the public and private
scctora through collaboration with existing state and regicnal cli-
mate programs and by encouraging the {urther development of
such programs®

The National Climate Program Office’s approach has been in-
novative. lnstead of forming regional climate centers in the usual
manner, i.e., o3 a federally initiated, planned, and funded asso-
ciation with states, NCPO encouraged states to take the lead
in initiating and planning regionnl centers and to share in total
funding. This approach to forming a partnership with statea to
conduct tegional climate studies and provide ssrvices hus been
handicapped by lack of strong federal funding but has been ener-
gized by state initiatives in, for example, identifying regional needs
not previously met, and adopting new technology to collect and

disseminate data in a timely and economical manner.
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The regional centars approach, while a promising mechanism
for applied climate studics and services, cuffcra from uncertaintiea
ot both the federel end state lovela, At tha foderel lavel it remains
to be dstermined how regional centers cen help fedaral agencien
carry cut thair reanonsibilities. At the ciate lavel, probloms range
from opzrational matters (where to locute the center and decisions
chout committing resaurces out of etato) to different parceptions
of tho nezd lor clirmate corvicea, Thesa problems notwithstund-
ing, encourazing progress hea been mede in demonstrating the
{easibility cf suzh centers in a naticnwide system.

83 UTILIZATION OF THE PRIVATE SECTOR

In the pass coverel years, a new indusiry hes developed in the pri-
vate matecrelogical cector. Saveral firma have cuccezsfully entered
tha data and information earvices market by providing velue-added
wozthar and climats icformation to commercial and government
clisents by a nuinber of innovalive communicaticas technologies.
Ths cources cf the data are primarily the NMC’a “femily of core
vicoa,” the CACYs user port (Finger b al,, 1035), end the Global
Tolecommmunicationa Syctem (GTS) of the WMO.

Tho private roector now participaies in the weather/climate
“petwaork™ in throo major functicnal categories: data collection,
valus-cdded procezaing, end dissamination.

53.1 Dats Colloction

Although the vrat majority of climate data are routinely collected
zsoparational weather data by international governmientsor by the
cooperative climate obasrvers, there nre a number of data uts with
potential value aa climate data that are collected by the private
sactor.  For example, power plants and industrizl plants (e.g.,
emelters) often collect wind and stability data in reaponsa to the
Clean Air Act and lishtning-strike data to protect azainst demage
from clectrical storms. Many offshore oil platforma have fairly
long records of wind and woather in worldwide cozstsl regimes
ranging from the South China Sea to the Arctic Circla. Maritime
weather forecesting firms have collected many years of special
reporta from shipa at s2a. The latter data aro often from relatively
remote locations and usually do not find their way onto the WMO
GTS circuits. Normally, the privete sector collects these data
in direct responss to an economic need and may consider the
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data propriatery. Neverthelsss, thess special limited data cots do
reprezsnt o polential recource of new climato-related data. To
maks avzilebly this recsurce would regquire efforta to locats these
data and resolva verioua policy and legal questions. There are
also cerious izzues regarding data quelity that would need to be
resolved.

5.3.2 Velus-Added Processing

The rola of the private cector is much more important in the
valus-added processing of climate-related data. As noted above,
the private weather and climate information esrvices industry cone
tinues to grow. A primary stimulus hea been competition in the
market that hea forced the various vendors to listen to customer
demand and to develop a wide accortment of valus-zdded prod.
ucts and £arvices. Thess are based primarily on cienderd NOAA
products aveilebla via teletype, feccimile, and data link from NWS
and NESDIS,

The addition of economiz valus i the result of edditional qual-
ity checks, reformatting of coded data into plain sk, geasration
of clever grephics zod maps (e.8., weather satellite images with
radar overleyn), cummerization of data in convenicnt statisticel
forms, tho provizion of combination preducts (e.g., weathor data
combined with erop estimates), and the operation of specialized
models (o.g., for zir pollution and siztisticel forecests),

Mozt cuch products reflect customer demand for cursent
“weather® producta. Howaver, private soctor users end vendors
now heve the computer capabilitics to generate cpecialized cli
matolozies that meat their cconomic needs. Other climatalogical
producta such e. those provided by NOAA’s CAC and NCDC ara
also aveilabla to the private eactor for further velue-zdded procesas
ing and distribution to their clients. It is intcresting to note that
a growing number cf users of private data cervicea may ba found
within the fodersl government (e.g., the Federal Aviatica Admins
istration, the Department of the Interior, and the Department of
Defensz) becauss the private scctor can often react mare rapidly
than NWS to requirementa for tailored products at an attrzctive
price.
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It is unlikaly thet private vendors would provide generclized
erchivel cervicea like thezs of NCDC without a well-dafined cua-
tomsr basa, Nevarthalizg, the private cector doea have that ca-
pebility. In general, howover, cconemis realitics dictata that the

_private czetor reocst primarily to epecific customer demands for

teilozod coyvices.

8.3.8 Diczeminetion

Dizzemination is a principal arca of growth in the privats cestor,
Vendora cf climate informztion end exvices con reach a brozd cus-
tomar beso repidly and direetly by a varisty of communications
opticna such ta terminels, tnicrocomputers, facsimile mezhines,
telephora (o.g., eyathssised voico), low-cost catellits links, and the
commezciel media, Furthermeore, there are many privete consul-
teata who parform important climate-related information sarvices
by using deta frem varicus (usually ciete end faderal) sourees and
eolving epecific problema foz thair elizata. Theze cervicsa include o
gubsizntial number of opplisd reseench contracts for govaramantal
21 waoll 29 private euztomars,

A pumber of private firms al2o provide climato “forecaats®
foz pcriods of o month er mavo in advance. Somo of thea fore-
curta oro bascd on propristery models, whils olkams utilize the
outlocks preduced by the CAC to colve epecific problemn raized
by cuztomsta,

I is fairly cortain thet the majerity of eales coma from cupply-
ing current *wontheor® informetion. Hewever, the capability exista
to pravide much graster levels of climate-related data end infor
mation cervicea, Ths further doevelopment of thess carvizes will
require eiznificent iaveatimanst, botter cduceted uscrs, and posaibly
a cignificens incrazse in tha ekill of climste forccasts,

In svmmary, the privota coclor is currently very active in
providing informziion ecrvices for weather and climato opplica.
tions. The industry kea daveloped by providing more conveniont
producta tailored to usar'a needs end by capitelizing repidly on
the cmergonca of now computer and communications techrologies.
Todey, thousanda of clienta reczive weather and climate data over
privats cervice netwerks. Rapid growth in this type of e2rvice can
be expected to continue, aszuming that the private sector contins
uca to hava clectronic accesa to the data cources in NOAA at a fair
market price.
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The Naticnal Oceanic and Atmocpheric Administration should
ensura that apy actions taken to modify end improva ths foderal
activitica in the generation end menagemont of wealher and cli-
mate data end information will nod rectrict the ability of the
privete cactor to ba o full participent, Spacifeclly, the private
gactor chould ba:

1. Included in ths planning for future wecther and climate
sarvices,

2. Allowed unrestricted cecers to waather and climata data ot
a fair market prico.

3. Allowzd to compete for scrvizes in both the czramercial
and government murketplace.

54 INTERNATIONAL ASPECTS

The primary internaticnal body concarned with climsia-related
data is tho World Metcorological Orgenisation (WO}, a epecial-
ized ageney in the United Nations family. WMO and o prede-
cezaor, the Intcrnationsl Metsorclogical Organizatien, kave recog-
nized the imporiance of climate data for over a contury. In 1979,
WHMO cooperated with the United Netiona Eavironment Program
(UNEP), ths United Nations Food end Agriculture Orgenization,
tho Internctional Council of Scientific Uniona (IC5U), end other
international bodicos to establizch the World Climsate Presgramme
(WCP). Bzzeuso of the global nature of climate end U.S. inter-
ests cbread, the sotivitiea of WO and the WCP haove o marked
bearing on U.S. climate-related data programa.

The WO formulstes ond recommends dats cienderds and
coordinates intsrnational metecrologicsl data ccquizitien and
archival programa. Thesa asctivitics are indispenscebls to the prac.
tico of atmespheric ccicnes end to the application of climzte data
in a varisty of fields. WMO regulations ectublizhed by member
countrics mandato standard procedures and the free international
exchange of data. Furthermore, WMO cooperatea with other in-
ternational agencics and organizstions ea tpecific dsts reguire-
ments, o.g., the International Civil Aviction Organization (ICAO)
regarding aviation data needs. WMO's Commizsion for Climatcl-
ogy rccommends procedures to Lo used et climate stations and
for the handling of climate data. The Commission for Besic Sys-
tems apecifies arrangements for the exchange and processing of
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dato, which i3 eccomplished through the World Westher Watch
(WWW) ucing the GTS.

Tho United States is a member of the WMO ond a major
participant within it. The Unitcd Ststes both provides end re-
ceivea data through the GTS and othar WidO oystema. The deta
recsived from chrozd are indizpenschly to many eritical matsoro-
lozicel end climztslogical eetivities, The Uritzd States is elco a
rasjor cupportar of tha WCP ead hes beon infivential in its plen-
ting cud implemeatation. It hos a meojor interezt in maintzining
world data etondards and conzistent dete management prectices.
In co doing, it hes eccumed many difierent obligations in dota and
data managoement. Csrtain of thees commitments are identified
in Appendix B. Of partizuler nota ero tho abligations to maintain
Werld Data Conters for Meteorology, Glaciolozy, znd Qczenogra-
phy and to cupply data to other World Data Centera. The panel
vizwrs theoo oblizstions end commitmoents 23 crucicl elements of
both tho notional and international climata data syrtema.

65 CONTINUITY OF NETWORKS AND DATA BASES

Extly in the ctudy of atmaspheric phsncinena it w=s recognized
thet obasrvations at cingle oteticns were inadequate to zeecoy and
predict the complex motionsof tha eir. Beginning in tha cighteenth
century, coordinated cbearvations wore propessd and networks of
chzsrvational stations were organized. In the middle of the nino-
teenth contury, the edvent of the telegraph meds pozsibls the firat
citampts to predict migratozy weather systems. In the United
Btetas, tho lead wes taken by the Smitheosian Instituticn, which
eatablished a natiouwide net of voluntery coopzrativa observers.
By tho timo the wosther end climats corvice was conzolidated as
the Westher Burcau in 1871, hundreds of cooperative obsorvers
had been incorporated into a system of full-tima observing stations
oporated by government personnel, These first-crder stations were
first operated by the Army Signcal Ssrvice and after 1590 by civil-
fan obzervers under the USDA. Stationa were located mostly in
major cities. With growing aviation needs in the 19403 most were
transferred to eirports, and the edminiztration of the weather ger-
vice became a responeibility of the Corumerce Department. By
that tims, tha Cooperativa Obzearvers Network had grown to over
10,000 stations.
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Data from both first-order and cooperative ctations ere of
widcapread utility. In eddition to coaventional ucea for agricul-
ture, aviztion, and ferecasts for tho general public, they ero uze
to manage heating and air conditioning, wetsr and fuel cupplics,
surfoze transportation, end coastruction. They havs becoma valu-
able tocls in land use planning, pollution contrel, recreation, cnd
edvertising, Thoy ofton becoms legel ovidence. A reazonabls den-
sity of obzorvations i3 required, and co many ctations have been
ectebliched, particulerly in cress of highly varizbls precipitation,
Many are opercted by egenciss other then tha NWS or cra pri-
vataly msinteined, The United States now receivea a vezy high
value from the cooperative notwork et a very low cost since mest
of the obzsrvers are unpeid.

Ths velus of thess obsarvations is greatly enhanced by con-
tinuity at a cpeeific location. Long, coutinuous records permit
comparisono of weather influences on crop yiclds, water ugo, and
fuel cansumption during different tima periods. They alzo permit
rational establishment of insurance rates for wecther demages by
hail, wind, ead floods. Such records ara cscentiel for meaningful
computation of climatic risks and other cpatizl cad tima cheene-
taristics of climate. The relizbility of stetistical mssaures, such
2a veriability, exteemes, durstions, snd return poriods vsed in
ploanning, dezign, and elimata research, resides in the homogeneity
of tha data cat. The enalysis of comse aspacts, cuch 3 period-
fcitics end the ctenderd doviation of extremss, can requirs very
long tims carica to obtein cignificant reaults. VWhen locations are
changed and records ere interrupted, thess ctatistics are suepoct
excopt for tho intorvels of komogenceity.

Ths uca of data in oporational madels also demanda continu-
ity of rocord. For cxampls, meny operational prosedures used in
hydrology are based on regrossion equations catimeted from his-
torical records. The lozs of rtations uced in o regression equetion
can significantly degrads ita utility in important economic end
social deciziona, This is a common occurrence of cerious coacern
to water manegers. Incdvertent errora can aloo arica as a result of
relocation of mearuring cites. This hazerd is minimizoed by main.
taining continuity of sites, flagsing changes within the archived
data, and ensuring essy eccess to station historiea,

Specific mention must ba made of the Reference (benchmark)

Climate Stations (RCS). Thess are long-record stationa at loca- -

tions where environmental change and encrozchment are minimal,
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such e3 parkland or expsorimental farms, Thess ctotions must be
meintsoined o5 etoadily oo posaiblo to permit studics of elimatic
fluctuations, tronds, ead changes, Climate per co ia such an im-
portant elzment in humen and goneral ceology that its continuous
survcillones i3 mandctory. Such monitoring ia particularly criti-
cal becauns of tho cvidsnes that hurmaa ecetivity can bring about
imatic eltsrcticns, rama of which might bo hizhly undzsirabls,

Natworla will, of couzcs, chaara continunlly for econemie, cei-
entifle, and ether reczona. Indsed, tho increscing tost of cporating
manned steticua i3 o cullciont incentive when ccst-affectivo aller-
netives such 23 cutomatzd inctrumentation are aveilable, Aleo,
new technelogics liko remote concing now provids invelnebls in.
formation that woa provicusly uncvailable, Neverthelsza, despite
tho attractivensza of such now technologics, a coaventional core
syctem is ctill needed for treditional uzes ord to provide ground
truth for tha interpretation of remotely cenead data. Whenever
chenges oro required, corrclations muct bs doveoloped between the
datafrom tha longer-t2rin ctation to bs closed end its roplacement.

Baocouss pot oll ncads for climatic data can bo completsly an-
ticipated, it i3 impozativa that the obsirvetional material from
firat-ordor end ceoperativa strtions be promptly published, Publi-
cations cuch o3 Local Climatie Data and State Climetolosical Data
prepersd by HCDC chould contines to ba mads availeble through
librerica and stats climetologizts’ ofizes end for subscripticn end
puschese by individuals,

Obzsrvaticna are telken by cosperative observera onco o day.
Tho primary moasuremants are maximum end minimum temper-
aturs end dcily precipitation end encwfell. A number of thess
cooperative stations report precipitetion in reel time if over 0.5
inches falls (for fload work). Scms data are zlco gathered in real
time ior egricultural vs2s. There have beon increasing prezsures
to maks more of tho data availables either in resl tima or with time
delays of cae veok rather than two months, It is pocsible that
come atote climato oficea could quickly enter a calection of their
~om data into o computer and treacfor it to NCDC. Still, for per-
heapa 50 to £0 pereant of the ciations, it may nob matter if there are
tima delays of ons to two months before they are available, Since
NOAA, the Dapartmont cf the Interior (DOI), the Department of
Deferzo (DOD), and USDA all have data gethering notworks, it
may bo that a cambinad effort could be used to gether the data.
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The resulting real-time dzta cad delayed deta chould be made
reedily availebls to overyoze.

Ancther espaet of maintaining data continuity is the preser-
vaticn cnd recovery of old data cats, Many poper records ctert
decaying whon thay ers 109 to 209 yeass cld. A number cf records
et NCDC will havo to bo microflmod or they will ba lest foraver,
NCBC had cupported en expeaded micrellm cffort for gaverel
yoera but hes receatly boen fozeed to cealo is beek,

The United Statea hra excslent dicital filse of daily precip-
itatisn and maximum and minimum tzraperaturcs from mony
otations ctarting in 18C0. Thero cra good files of upper eir data
from 1948 and good curfeco observations of winds, humidity, and
coca, from 1948, Soma eaxlier data ars evailebla for U.S. Air Force
staticas. Unfertuncicly, data for the 10302 Dust Bowl period are
not in o form thet can ba used. Study is nsedad to determina what
subast of tho data on ths patterns of tamperature, precipitation,
winds, ond humidity during that periad chould ba recovored. This
may Isad to the preparation ef -hourly curfaco data from ebout £0
stations for 30 years (2.19 million obsarvetions). The cost would
bo uader $300,000. A celection of the uppor cir deta chould ako
be prepared for thes pericd.

658 MANAGEMENT OF ARCHIVAL ACTIVITIES

A koy foctor in ensuring tho continuity of data beres i3 tho ssund
mepsgemant of data archivsa, Unfortunately, precont archives
hava doveloped lergely in en epportunistic manner. Crreful, long-
torm planning is urgently needed. Such planning chould not “lock
in* or Sleck out” s particuler technelogy or cquipment type, but
rathor chould cat up on effective mechanicm for balancing the need
for {loxibility and reoponcivences cgaintt tho noed for counsiztency
and continuity. Any cuch mochanizm chould be sbls to addreza
the following questions regarding tho manzgement of an archive:

1. How centrelized or dictributzd should the archive be, i.c.,
phould data be concentrated in one place or chould eegments of
the data be distributed in & veriety of nodes on a netwerk or in
libretics or offices? A epecial concern is the political and orga-
nizational censitivitica involved, Another is the communications
capability that would be required to accera en archive regardless
of its structure,
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2. V/ho chould manasa the archive? Should the maneging
organisation bo part of o lnypee inctitution with other deterrolated
rezponzibilitics cr chiould it bo responcible only for tha erchive
itczli? This would likddy ellzet the dapres of coordinsztion with
other refovent gooupa cnd tha colting of prisritics with reopect to
data mancocmesnt nstivisiza,

3. How clould tho cxchive bo meoneged? I it cosily aeceozible
et all houxa? low largs o 22 i3 aveilablo? What ero its policics
regarding cest resovery? Should overything ba autamated? Whet
chould ba dena by hand?

4. Howi chould tho dizestory oz catelog of tha informetion and
deta in tho axchivs ba cirustured? How many lsvols of directerics
thould there bo? What form chould tho dirsetorizs tola? What
etiributes chould ba listed within a directory? Should thers bo a
full deceription or juss a curcuzy deocription of tho data? Cen e
directary bo dovaloped thal could kandls bsth inhourss data cats
and reiczences to data sots held by othara? How cen data from
difaraut data eats in differcst fonnata ba cecezasd? Is it pozaible
to pravicw or browss through dota cata?

5. Wkat cdditions) cicanderds ero needed in erchiving? If
larga quontitics of daota muat ba glored with both updzting end
centinunug cocess, guidclines for fila ctrecturss, 8lo hondling, data
inpus, cod record formats will ecrtainly bo neccosery, Theso must
b2 coordinated ea both nationsl and internztioncl lovels, There
chould aloo ba mathods for daaling with ncacempatibla data ects,

8. Hew chould the ccotucl hardwars end coftwero unad to store
and menipulete data in the archive bo stlected and updated?
Sinca deta velumss grow and techucloniss changs, provision must
ba mads {or the evolutisa of hardware cnd saflvrare o that long-
term continuity is meinteined.

57 QUALITY CONTROL OF DATA

Mbajor problama cccur in the uca of climets data bszauss of in.
sufilcicnt, inedoquate, or insppropricte quality contrel, Quality
control i3 uczd to remove crrors in deta. Amoag the common
cauz2a of crror are thoss of otsorvation, copying, entering data
onto forma, and transmiczion oa communication circuits. Other
commen tourcea of error sre instrumental malfunction ead bias
and the improper handling and expozure of instruments. Still
other problems arizs in tho uza of data duo to their insppropriate
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interpretation s & rezult of incdequate informetion on changes of
sits, exposurs, and instrumsnts, and of undocumented changes in
obzaorving procedures.

Quality control is o process that chould bagin even before
deta ero collected aad that chould continue throughout tho deta’s
uscful lifstime. It involves more than deta mancgemont per ge.
Instrumant design, pood operating precedurcs, and feedback from
usera are of vitzl impoertancs in maintaining data quelity. In turn,
quality concrol provides the systom opsrator with urgently nezded
information on how well the data scquisition and trensmiczion
componerts are funstioning. An effective quelity control program
is vital to erchiving: the elternctive is to risk very eastly errcrs in
decision making s a rea:lt of cometimes very erroneoua data,

Quality control usuzlly involves cpeco, tims, and consistancy
checks, Spatial checks are uzcd to remove apuricus Ioccl fluctua~
tions in date. Caution must bo uzad £o thet infermation is not lost
that is eszential for other purpesas. Procedures ehouid easuro that
tho original dzca ara soved along with tho correctsd values. Chacks
for tims coatinuity cen often enhance deta reljzbility within find
tolorances. For example, timo chacka using pre—wure exd pressure
tendency ecsily identify inceacistont or obvisualy bad veluzs, The
accuracy of a thip’s location is reedily verified Ly compsaring it
with othera along its routo, A surprising numbar of chip rsports
erroncously locato vecacls in unusuel locctions (e.g., tho Bchera
Decert) for want of suitable quality checks, With cotsllite data,
whols seen lines may be bad or tho navigational informaticn mey
be in error. Problems of this kind often rcquire sophicticated
quality control techniques.

Tha quality control procesa should not impeda accees to data
nor lead to data degradation. Rather, it should faalitats usg,
mzke known possibls hazards in the dets, advise on edjustinents
and corrections mede, and retein the criginelly reposted valuo for
inspection if there is any uncertsinty. Corrections should only
be applied when enhancemsent is certain to result. Accees to data
should not be delayed, but ths ussr should bo edviszd of the lovel of

quality control that the dats have received. Imprevement in data
scta may occur in incremsantel steps, and some enhancemeonts may
follow 25 a result of usage. Care should be tzken in deciding 'ovels
of control. Soms very simple checka are the most powertul, and
there is & decided risk of distorting data by complicated control
procedurca that are not readily understood. Unususzl reports on
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phenomana chould not ba supprezzed on ths bezis of a reviower’s
opinion. Reports of casly jet-lovel winda wero roicctod in Verld
War II 3 unrsalistic besauss of cur igaoraneo ab the tims. Some
esemincly bad data can bo exlveged, Fez cxanin!s, chip baremat-
ri¢ prezsurs recerda may have lazgo blosas; howsver, thesa recerds
chould £ob ba diccerded beeouos they cen Lo repaired onco tho
neture of the bias is knovmn, Similasly, faulty quality control de-
cizisno can obzoura real difereness thad exist cpatially in climsts,
Erroro havo oftea been made in adjucting winter tempsoratures
ncar cpan lakes or ot high elavzgisa bssaucs thoy disagres with
thosa for other well-known dites,

5.8 OPPORTUNITICS FOR RMMPROVED DISSEMINATION
AND UGSER INTERFACE

It ceanst ba strazcad cnough thes, rogardlesz of how much effert
is put into collesting, prozecting, cud erchiving data, it wowd all
bo werthloss if the moans to diszeminats iafermation to ond users
iz laching, With the nuw communization end diszeminaticn cape-
bilitizs now evailably, the epnortunity eulsls to improve carvises
grently, Vith increating ond uscr cophistlzetion cad expectaticns,

o7 razthods for trancmitting, cirplaying, cad cpplying deta cad
informaticn ia wceafricadly formo will ccitalnly bs required. It
{2 wloo impoztont that ucere knsw wheio to go to obtain ths data
end information thoy nosd. Tho main f2atuees of 2 veare interfzco
cought by ead users ero cummasizad in Tobls 5.1,

The increesing eveilebility of communicaticn networks, com-
puter tczminzls, and microcompaters refazs o number of qucstions
regarding *ha dicsominntion of data end information. How do we
factor cuch improved hardweres into planning? What kinds of per-
conne! aro necded to hendle thees now approcchica? How meny
peopls will bo nz2ded, and with whes kind ¢f treizing? How much
casvico chould be provided to vcers tedsy at what cost? How much
thould bo automated? Hew much requires huinan input? Whet
should bo cheorged for data or information?

Charging for daota is o majoz izcue et prezent. The Offics of
Management and Budget hes decided that the costs of dissem-
inating federal government dats must & lenst bo recovered. In
many cceea, clightly more than zctual ceata chould be charged to
compensate for the implicit institutional contribution.

BRI IR, RS YIS TTL A POV VAN o Al trbroomotn e W o 3

i
!
f

-



ety

-

TN O D R et +

IR

[ R T L

RS T

e B aee Yr mam et or e 2By A——s e n . A

64

TABLE 5.1 Featurcs of a User Inter{zce Sought by Urers

Access

Archive

Communication

Compatlibility

Consultation

Context

Cost

Knowledge

There must ba ctsy accets to archival holdings through
the Identified source. The dats mansgsment eystem must
be responsive to the diversity of needs imposzd by the
usar community and should facilitate accessin o
cost-sffective manner,

The archive must have depth, completeness, homogeneity,
quslity, and relevant data holdings. The integrity of

the sarchived datna must be assured, care being takea to
ensure that degziadation does not occur through
observational procedure, transmission, quality control,

or inability to preserve potentially useful data

files, The integrated archivel system should

incorporate all relevant dats, standard and

nonstandard, in common formats and provide suitable
indicators of data limitations.

Responses and documentation must ba ensily
understandable by users.

The data delivery system should ba compatible with user
systems, capable of responding on a varisty of user
media (e.g., electronlc, paper, or micrographic). WM O
observational standards should be employed. Quelity
control of data must be standardised.

Consultation must be available on the meaning of the
data and its processing, interpretation, and uss.

Information on instrumentation, exposure, obterving
practices, quality control procedures, and changes
therein must be documented and available.

Charges for the provision of data servicea must be falr
and consistent.

Information on data holdings, their utility, and
service functions of archive centers must be made
avallable from the identified sources.
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-/
/ TABLE 5.1 (continued)
' Limitations All data limitations (constraints to their
nterpretation or use) must be identified. Altered
\‘ _data must be identified (flagged) and the nature of the
N ' alteratica specified. In the case of nonstandard Aata,
- \‘ maethods should be avalable for their "normalization.”
> " The use of WMO-recommended standardiced procedures far
{ acquisition should be strongly promoted and be th« norm
\ for governmentally supported networks. If only
NN . .
' poor-quality data are available, however, users should
.- not be denied access until the data are imgrovcd.
e One-Stop All of these capabilities ghould generally be available

I/ " :

tu a user through a single contact or by specific
referred, R

The archival center should have a duta processing
service capability including utility j.rogrs 3.

A referral system for chimate and climsate-velated data
must be in place and highly visible and accessible to
users. The referral system ghould enable the
identification and location of nonstandard as well as
standard data,

Ths response to requests for data must meet reasonabls
user deadlines; archiving should be on a real-time
basis; direct access to files or publications is

preferred The data system must be resposive to
exlsting and changing needs for data and user
technology.

A wide range of data should be available directly or by
referral, including (within reason) data from re'ated
environmental d'sciplines and economic, demographic,
and other data useful for applied studies and for
sssessmerts of the value of cimate data.

The user must be made aware of the data access polints
and their features.
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No dicseminztion aystem can rely solely on automation, Hu-
man interventior must be available. At tha leant, a person is
needed to explain & mathod to an erd user or to respond to ques-
tions. How ghould complaints and problems be handled? To what
degree is tha aystemn manages lisble for incorcect informstion or
poor data quelity? How much decurnentation is needed to support
the data and information provided?

Many different types of end users will access climate data:
lawyers, farmers, military personuel, newspapers, and #o on. Spe-
cialists familiar with particular areas or disciplines should be avail-
able when data and information are disseminated in order to better
respond to the particular audience. Models of these kinds of op-
erations currently exist in other disciplines. It may be necessary
to retrain perconnel to use new methods and understand new
questions.

Dissemination should be more than simply responding to a
query. Bibliozraphies, directorics, end summariza are necessary,
These should be published periodically and distributed through
user-oriented chennels co that prescnt and potectial users can find
and make use cf the data. Articles chould be written in “end user®
publications and a reascnabla lavel of publicity maintained co that
people know what i3 avzilable and how to start & query process,

Educstiontl material should be developed and included in
routine climats publications, in trade and profezzional journals
of relevant user communitics, in popular journals, and in other
publications directed at both general and zpecialized audiences,
A regular publization such as a biannual newsletter or a column
in a professional journal on data management should be issued to
keep relevant ussr communities current on data developments and
use. Theso materials should be disseminated among and by federal

agenciea, state climatologista, and other centers and agencies that
are in contact with actual and potential users. Opportunities
provided by workshops, professional association meetings, user
trade fairs, expasitions, and the like should be exploited.

User woskshops should be held routinely for research and ap-
plication sectors at the national to atate level. The purpose of the
workshops should be both to inform the user community and to
acquire knowledge that is needed to enhance the utility and func.
tioning of the dsta system. Usera must have amplo opportunity to
make recommendations regarding data services. A process should
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be established to ensure appropriate consideration and communi-
caticn of propocsd cetions.

A pressing need io to dovelop a library of existing werk on
climcto applications. At present, thers i3 no single plece where
even balf of the meny beaoks, articles, reports, and other meterials
on climste cpplications generated in the post fowr decades can
be fourd. Nor is there a single listing of all publicly cupported
recearch involving climate data epplicaticna. A central library
would be an invuluzbls recource for these interested in ths volue
of climate cpplications or in the devclopment of new applications.
Such a library should bs made sccezsible vin standerd computer
networks.

The building industry is one example of a highly fragmented

community of end users of climate dota, Maanfacturers, design-
ers, coatrestors, and building cwners and manszars operate in
gequence but ere almest catirely indopandent of ezch other, It
would be virtually impezaibla for this community to cocrdinate
and maintain compatibla dota collsction fezilitiza cuch za a eolar
rzdiction nztwork coasistently for any pericd of tims, Ontha other
hand, this community would have a vestad interezt in contributing
to a public data notwork teilored to their needa for o epecific pe-
riod. Indaed, such & participetory natwork might grestly enhance
their interest in and usa of environmental daia, with potentially
great cconomic and cocial benefits. Ono initizl step chould be to
create data colloction sistion packages with ctandardised quality
control that can bo utilized by various end uea groups for A min-
imum of five years. Using such standardized packepss za a base,
it should be possibla to improve underctanding of their neads for
data and informetion and of the potentisl benefits of meating such
needs,

It i3 clear from the many questions raised above that there are
many unrezolved issues regarding diczemineation ard ueer interface.
Careful plenning will be necessary to reapond effectively in the
next few yeara to thesa problems.
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Recommendations for Action

6.1 AN INTEGRATED PROGRAM FOR WEATHER AND
CLIMATE DATA

As discussed extcnsively in this repert, a varisty of weaknesses
exist in the aystem for handling wezther and elimate data. These
weaknesses highlight the continuing lack of coordinstion in data
collecticn and management within the federzl goverament. Co-
ordination of data activitics requires constant zttention at both
the policy and working lovels. There must bo continual feedback
and interzction among all the participanta in the data system,
including theae responcible for choervations, quality coatral, data
analysis, data archiving, equipment procursment, and data dis-
semination. There must be recognitica ef the substential and
continuing value of climate data to the natica. There must also
be an .astitutional mechanism for implementinyg ond enforcing
improvements.

Unfortunately, despite the coordination efforts of the NCPO,
no mechanism hes yet been cffective. Ad hoc meetings, inter-
agency committees, and advisory panels have tended to be too
transitory and have lacked the power to follow up on their recom-
mendationa. A mujor task at a high level in tha federal government
is therefore to improve coordination znd collaboration both within
the governmant and with cther groupa:

Recommendation 1: The federal government eAould clearly ar-
ticulate an sntegrated national pelicy covering its oblsgations
and limitations in (c) the obsecvalion and menitoring of the
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weather and climate; (8) the collection, preccscing, and man-
egensent of weather and climcte dotay (¢) the retention and
erchiving of weether and climete dele; cad (&) the provision of
weather and climate tafermation oad cervicen.

Specifically, such a prozrom chould intecrate tha erganization
and administration of major dats gatheziag, proccesing, archiv-
ing, snd disceminestion astiviticz ca wmuch oo pozcible. It chould
includs cfcetive moechanizms to cufores coaristency wnd coerdine-
tion within end betwoen agencies when neccasary, Federsl data
policico cnd plans and the limits of foderzl governmmant responsi-
bility axd sotivity chould ba clesrly erticuleted. A primary goal
thould be to improve fasdbock throughout the westker and cli-
mata data system, 6.g., betwresn data producers and ueers, policy
end working lsvels, oporational cad procurement pereoanel, end
public aud private sectors,

62 RERIOVAL OF TIE DISTINCTION BETWEEN
WEATHER AND CLIMATL DATA

Sinco the formation of ESSA (ROAA’ predeccszor) in the
raid-18302, the primary reaponzibility for “weather” ond “climate”
hea baen in different major line componaonts of the cozncy. Sep.
aration of the two made it pomible to cmphesizo the “unity® of
atmosphore, ocenns, and lithosphers by orpenicing ell retrospes-
tive data responsibility for ths threa within a eingle mojor line
component, This moy have been a cound end proper organiza-
tioaal decision ot the timo, but much bea chengad ia ths two
doceden gincs then. The panel thinks it i3 now eppropriete to
resxamins this structure for the following rensons:

1. An discusced previously, the distinction between *weather”
and “climate® hes becoma much more vague in the g2nse of data
use, largely za a result of significont chapges in data communica-
tion and computer proceszing, The gep between real-time data
uze for weather forecasting and retrospective data usz for 2 mul-
tiplicity of purposes has become filled by near-real-time use for
climate manitoring, irrigation echeduling, and the like. The entire
process from original observation to data sterage and retrievel has
become a continuum with no logical point for a complate *hand
off* {rom one manager to another.

. Ay s o

P

B Y



e et

.

/

-~ ./
e e e e

P,

— o TAR £l R Sl et O

|

PR T e L R,

70

2. The rcsponsibility for station establichmsznt, maintenancs,
and obolishment now lica in cns major line compoaent of NOAA,
while the responcibility for deseribing the climate liss in snother.
The observational requirementa for weather forezasting and for cli-
matic applications are not elways compatible, much leea identical,
Both nceds zhould zlways be weighed.

3. Fiscsl reclitiea dictate that resources ba applied with the
utmost effectivencsa. It appeara likaly thet come cdditional dollers
could be tranzferred from cdministrative costs to zctual data han.
dling costs by reducing the amount of coordination, consultation,
and &0 forth requircd by the “wweather-climats® cplit now built into
NOAA.

4. There al=o arc non-data-related rezzons for reaxemining the
situation. Not lecst among thesa is thet the public docs not un-

derstand this burcaucratic division betwesn weather tad climata,

Citizens reasonsbly look rct to the NWS, not NESDIS, when
questions or problems erise; ore might argue that the government
ghould ndjust to the citizens rather thon the conversa,

Recommendaiion 8: The federcl government chould reccgnize
the voers’ nezd for ¢ continuum tn the menagernent of weether
end climate data. NOAA should Cierefore scoascsa ita ezisting
tnstitutional errangements with the odjective of émproving the
coordination of weather and climate data activities.

6.3 ESTABUISHIMENT OF A NOAA DATA OFFICER

The National Ocesnic and Atmospheric Administration plays a
central role in the national weather ond climats data o, stem. It
operates most of the major obcerving netveorks, including radar
and the operational polar-orbiting and geoastationary satellites. It
procesces and ctores most of the conventionzl data collected in the
United States and in much of ths reat of the world. Through the
Nationel Climate Program Office locnted in the NOAA Adminis-
trator’s Office, it helps coordinate the Nationel Climate Program
and the U.S. contributions to the World Climate Program.

Unfortunately, many of these activities cre edministratively
scattered throughout NOAA's organization. For example, zanoted
earlier, the Naticnal Weather Service operstes the Cooperative
Observers Network, but it is the NCDC, part of NESDIS, that
processes the collected dats. This has led to problems such as
thoss described in Chapter 4 of this report.
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Tho preblom s mede even more complox by tha rmany other
agenciey and czganisations that bave binding anveamanta with
NOAA. For exzmplo, experimental gatellitea eve manzged by the
Nationzl Aercacutics and Spase Administraticn, but the dzta thoy
generate ors ciea NOAA’s reoponztbility. The [idored Aviation
Adminiztration works clozaly with the NAVS in providing cviation
waatherinformetica, DOD iz both amajer coures cnd amajor user
of deta. NCAR, which hondles large amounts cf detnin o rescareh
mwods, i3 operated by a urniversity ccncortium for the Matlenal
Sclenco Foundation, NOAA itcolf is part of the Departzent of
Commzrea, and many of it edminictrative policica aro therefore
coatrolied at the departmzntal cr even cabines Lavel,

Tha peael cf courss recoguizes that any administrativa atrue-
turo in an orguniration os lorgs o3 NOAA will neecsaarily divide
tome functiczo arbitrarily. In light of this, tho panel makes the
following recominsndation:

Recommendat:on 8: NOAA chocld establiz}h o cantss] deto of-
fleer for wentier and elimate dsta with a clear mendats, bread
euthority, cad oufiicient reecurceo to (2) conduct cyatematic
and émparidsl siudies of regufrements for waclier end elimate
dota end of cew teshnalesics for efficdently mesting thece ro-
guirements; (b) ccordinate plenndng for new tieathor and eli
mate dole meonegement, communication, ard disseminetion
eystemo iirouohout NOAA; (c) develop elear etendavda for
data coilzetion and dactramentation, consislent and ¢fficdent
guality contrel, cad cost-effestive dota evediving and dizsenmie
notion for bacic obeervstions, derived parameters, gndded data
aets, and cpesialpurpose dota scta cuch as thosa oblcined in
Jicld ezperiments; (d) ensure the continuily, earsful tmenege.
ment, end coordination of kop climeate neltzorks, deta boacs,
end pullications, sncluding the ccozerative cad bozeline ob-
serving netwarks; and (¢) act ea coordinator end arditer tn
deciziona concerning resource cllocztion, teckunologiccl mod-
eratzction, and dota precervetion, botA within NOAA end in
cooperalion with other agencice, and eerve cs a focal potnt for
coardination with the World Weather Walch program cf the
World Metearolegicel Orpanization.

The data we are collecting end storing can ba considered to
be o national recource. It costs a great desl and is importent to
many people. To put this houss in order in the most cfiicient,
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cost-cfective way will at a minimum require a cinglo menagemant
point with the nceecsary responsibilitica and tha authoerity to do
what i3 necsesary.

Tho panel streagly belisves that tha eztoblixkment of a data
officer would be an important first step towand providing tho co-
ordination, plenning, exd dircction nascssery to mcko curo that
climzta and motsorclogical data mest nationzl necda in thocoming
yeers, Additional actions of both o policy and en cdministrative
neturo may well be warraated, Such cctiona chould bs dovelaped
a3 an integral pert of tho national pregram discursed in Recome
mendation 1.

Whet follows are tomae responsibilitics and tesks thet ehould
be aszigned to the data officer.

6.3.1 Studics of Data Requiremonts end Optiona

At prezent, there is o precsing necd for deteil:d exeminction of
specific requirements for weather end climets deta end of now
technological clternntives for meosting theco requirementa. A broad
peropective on tho entire nationel cystem for handling weathor end
climets data i3 required. Sustainsd cooperation ea ths part of tho
federel cgenecica involved would be necoszzsy.

Tha penel strongly belisves thet the data officor would be
in an epproprists position to manage oyctematiz and impartial
gtudics of data requirerents and options. Oa the cne hand, tho
data officer would have tho expertiss and fomilisrity with relevant
icsuca to ensuro that studies aro of sufficiont dzpth end reclism.
On tke othor hand, the dzta officer would ba eble to bolence
institutionel and other considerstiors in the context of broad duta
issucs end improving technological copebilitics.

6.3.2 Coordinetion of Planning

The data ofiicer thould be the main focal point foz coordination of
planning all alorg the continuum of data management, including
data handling, communications, ctcrags, sad dizzemination,
Lisizon committacs of dsta collsction gnuups may be helpful,
Theze chould iucluds state and 1egicnal crgonicstions, the vari-
ous federal agencica, and private eoctor groupa. Such committess
ghould permit frenk discuszions of data flow, formats, communi-
cation protocols, and eo on. A lisicon committes involving data
system operators at all levels should address problems of data



e e DIV cats N> THE TS £, A e

. .
Lot ,.’ . \ I

e - 0y — e, a msmurs - -

73

2;01080 end eccces, computer cyctom opezsticns, and data inter-
sngo. A

Coczdinoted planning to casuro the cempetibility of gystoma
et all £22723 of dota manngemant cheuld bo develsped. Such plan.
ning cheuld erxcompers herdwars end eaftwore davelepment, ce-
quiziticn, implzmantation, encrotions, end mrintenonca oad would
allow for ovelutisnzry dovolonment of o exmcolbly opernting na-
tiozol oysiam o oyctorma. Plenting in theoe erces chould ba both
long- end chozi-term eand tako cognizance of ciody-oftho-ort toch.
nologicel end computer dovelopmerts, row tociaiques in data
bess developmend end utilisation, telzcommunication edvances,
end chenging usse nesds, sequisements, end cecezs methods.

Coordinatica of plunning by tha deta cFisor would permit
the dsvelopmznt of an optimum epproach b oll lovels, with full
opportunity for el concerned to provida input, clisynetives, and
recommendestions. The nsads, peals, end coastrains of tha verisus
membom of the commurity muct bo corclully considered. Flana
chould alzo bo fienibls cnd dynamis, ellgwing room {or experi-
mentation with edvensed technologics cuch es Al techniqees, new
gatollites, end new types of data,

0.3.3 Bienderds, Quality Control, and Archiving

Ia tho oroo of westhor and climzis dete, & varisty of etenderds
oxist end mzny others cyo baing developsd undsz tho avepices
of diffcrent greups end orgenisatisns cuch s ths World Motco-
rological Organization, ANSE, the National Bureau of Stoadards,
ond tke Amsricen Socicty fer Tusting Meterinls, Basic standerds
for matcorolegicel cbozrvotions cro cot internationally within the
World Matzcrelogical Orgenisatisn, However, tho eppiication of
ecientific standeards i3 pot universsl, and there oro no widely ae-
coptsd ctandards for softwers end herdwarae for climete data man-
egomend cyster, Indosd, differcat ctanderdas oo comstimes uzed
oven within the coms sgency, o3 well €3 betweon agsncica. This
can bo extrcmely westaful and inefZciznt in tho long run. The
ne2d for common guidslines end ctendards is evident in tho re-
cent proliforetion of data cammunication protocols develeped by
different manufacturcrs. Sinco ¢o many players ore imvolved in
data internctionally, nationally, exd regionelly, sirong lzaderehip,
coordinaticn, and cooperstion aso cocentizl. In tho pansl’s view,

$:
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th{s presaata an oppertunity for tho data ofles to tzko a laading
rola,

Of urgent concern aro the dovelopesnt exd improved cpplis
cation of ctondnrds for data acquizition end gualily cacteol, One
cpproach weuld bo for the date ¢f2s07 to mohs farmal egreoments
with verisus groupa end organizeticancueh es tha Nationcl Burcau
of Ctanderds, ctoto proncies, prefisslional groups, end menuliastur-
eza, Theos agrocmsata chould civo tha deta 62202 tha recponsibile
ity for coleblishing end promulsating cicndeds reloting to woather
end climats dota procezing, eapesially within NOAA. Cuch cloan-
darda chould bo devalopad as nessczary by technics] wask groups
or specialists from tho community end eheuld ba fully roviswed by
tho community. Standards net ealy would impreve tho cfilcioncy
of data collsction, procesiing, arnd dizzcmination, but ehould alzo
mako eysiem decign end dovclopracat eesisr and losacastly, At ell
pheasa of elandards work, the community of calleeters, vaera, and
syctems people muct bo consulted ead invelved,

Tha nead for quality contrel is universslly necopted, Howsver,
it is & difisulb tack cnd must bo considered over tho full rongo of
dats cetivitics, fromoriginal input thocush etoress end eutpus (e
Scstien 6.7). Tho dota cficer chould provide this camprcheative
viow of quality contral, working clozoly with the greupsrezpensibls
for quality contrel ot each stegs.

Casteoffzetiva data erchiving and dizsaminaticn requiro thes
tho end usss eand end uoers of ths data bs known, ead thes the
usera bo adequatsly informed chout data courcea angd gesess, Of
specicl conczen aro tho davelepmand of an inventory end dircctory
or cetelog of tha dota and informntion; cystemetic lmprevenacnt of
tho herdware uzed to archive tho dats; rcfacmzat of the humen.
compiter interfaes; and improved marysting ennlyces to ecesrtain
user nezda end preforeaces, Meny dificult docicions elzonsed tobs
msado, for exermpla, regerding what data to azchivo or to diseard,

what dzta to convert from paper records to digital formats, what
satollits cud reder data to retain, and whet cests to recover from

end ucars. Tho data afiicer chould play a leederchip rolo in ell of
theza decisicns,

6.3.4 Koy Climato Notworks, Databzaces, and Publications

The deta oficer should heve suficient cuthority to ezsure that
key climato notworks, data buszs, end publicationz—guch &3 thosoe

-----
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discusasd in Gection 5.6 of this report—aro consistently eupported
oad carcfully managed in eccerdanes with both ciatutory require-
mants end user needs. A particular concern is the continuity of
monitoring ead data erchiving astivities, cincs oven emall lapzea
can eisnifoontly demero their ceicatifie, csonomie, end public pol-
icy velue, Tho deta ofdess cheuld ¢ o minimum hovo cufilsisnt
rczourcs3 to cupplemions ectivitiza whera necczsasy in “emezgency”
rituatisas, Additicnal eutherity, o.g., in the planning ead budget-
ing procczcs, may elzo be nosezsazy to ensura thas problsms cre
dzalt with cfestivoly &t an carly stege. Clzzely, tho dota oflcar
must work clozsly with both tho ~elavant opsrating cocacies end
tha usse community to dstermino long-term nezds and dovalop
cTective otratagiza foz meeting thom.

68.3.0 Coozdinator and Arbiter in Duta Docicions

Beeruca of the magnitudo of the deta hondling and ctorege prob-
kem, coina fonin of contral overdisht and ecordination is & neccazity
for betlter corvics end meoro cost-cectivo ostiszs, Ceomplotely
deecatralized monagoment cf deta resourees without cuch coordi-
nation tonds to lscd to centinusd bicomnetibilitics, poor recourcs
tllocatinn, and inconsictens applitation of tachnelogiesl modern-
izetion, Ceoordinntion cud orbitzeticn by ths deta ofdcer would
improvo the likelihood of closr direstion, optimal ard belaneed
allseation ef coores recourees, end csosdincted innovation. This
coozdinstion and crbitration doss not of courcd msan centralised
handling cad ceatrol.

64 PROLIOTION OF THE APPLICATION OF VWEATHER
AND CLIMATE DATA

Meny decicicn mokors exe uncwers of the nosd to concider climate
83 o facter in decisicn making. Tha porccption is widsspread that
cimato i3 o constant. Groz$ curprice is oftea expresssd when
climato or weoather extromes cccur, When thoy do, ths general
rezction is that “tho climeto must ho chenging.”

Unfortunstely, our momories ero chart, Climatologists recog-
niza thet decizion makara are likely to remember only the provioua
year cr £0, unieza thero are unususl circumatences. For exampls,
moat energy supply companies request hasting-degree data only
for tha current and peast year. Following o sequenca of threo unusu-
ally cold years in the lato 1870s, fuel il compenizs near the Great
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Lakes cxpericnced moior surplucss aftse the climats roturncd to
moro normsl cozditiona. They essumed thet every year would be
liko tho lz:3. Recognition cf the varichls naturs of climats could
havo cazb!-d ceconomizg threugh hedging chratesica,

Climsts has rsvealad o mest diverca clicractor over the pest
ceatury. A majorusacfthaclimatodstaboss i to parmis tho ldene
tifieztion ond quentiention of climats hasoxds cud oppoztunitizs
that havoe cecurzed ia the past and which could thozclero cocur
egain, Apothor ucs is in the cpaticd comparizon of epportunitics
and hesards, For example, comparctive values of eridity can rhiow
which locations are mmest suitabls for irrigetion dovelepraeat, colar
energy, ead reincont markating.

Having guch utility in mind, the National Climazo Program
Act of 1078 nated tho leck of & “gustained and coordinated progean
of climats monitoring, enclycis, informetion dicceminatica, and ro-
ezarch.” It cpecified oo ona of its purpezos “improving exrvices ro-
Isting to climsate, partizularly tho diszeminction of cimate-relatad
data eed informetion” It o'zo cpecified “tho periodic publicaticn
of reparta in appropriate profscsional, teade, end popular journals
dezcribing ths form ond monner in which the data oo availabls”

Attcinmant of tha progzam objostives end noationsl coclxl end
cconomic ol iz dependont on optimal ves of dets, nod just
tho exitiencs of ca optimal menpsemaent eyntem. Cptimal use
deponds e user understending of the petontisl elezed by tho
weather oad climats datn system. This in turn roguires thoet
NOAA maizntain end improvo its existing exportizain data ecrvices
and epplications and provids lesderchip in the dovsloprnons of
nezded exareaszos and eapabilitics throughout the usse ecminunity.
Exicting eSorta to Cemonsirate erd comununicato tho heaclis of
tho many use of climeto data must bo costinucd exd expinded
to tho uccr community, Regsarch frdingo thas aro of cignificant
relavence to data ussea in othar fis!lds of ectivity cheuld ba mado
generally availabls in cezily undaseteed forma.

Recommendstion 4: The federal government should tnercaes
ackive promeotlion of the applicatisn of weather and climcale
date ia Bath the public and private coctors, inclading contiaued
docurmentation and demonetration of the broad viility end value
of suck deta.

Ths climstological and mateorological community chould es-
gist in this offort by actively helping to improve under:tzanding of
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tho vslua of climata-ralatod Coto with reapcst to ctonomie, bealth,
aafzty, and gonorcd wellire consideretions in cach mejer cnd uss
eccter of tho coonomy. [$ will bo particulacly impertont to move
beyand ecaventional ciudiss cf the usa of cbimets infamnetion in
eericulture, caszgy and walss manssemans, end military cpeza-
tions. Innovativo cludiss, cominey, woskehons, aod £o eq, chould
ba crganizzd to oual with tha enplication end valua cf clineate
informatisn in ol cocters, ineloding tha building industey, med-
fcal cud Iazeld ceovicss, emaepinsy prsporcdesoy, resresticn and
touricm, end muttimedia rosourss (o.g., air, water, end ccil) men-
agemsnd, and on bBoth naticas) and rogicncl cocles,

Tk potenticl velua to be raclised through tha cechnizel oppor-
tunity now avcilehls bas coercely beea probsd. A majer cbjective
of tho ebove ctudica cheuld ba to elesily thy quontity exd quality of
dato nesdsd by eoch end vze costor, the priosities given to diffzrent
dsatz, and the dogeco of dzto bazo fexibility that s requived in the
loag torm, Tuczo newds and prioritizo chould form tho bosis for the
judicious allocctisn ef reasurced mmong cloments of the national
cimate doba eysiem and for deciziona ehout fuburo invesimeonts in
the eysioam,

I will bo impasliamt to extrain all cocters of cur netional
lifs in thezo cforte. For exammia, comcidoration micht be given
to fezmetisn of & Fodorcl-alate-privats czeior board to voordineate

=43 cutrosch agtivitics, Tho NCP weskzhep keld ot Weods
Holo in the cummsz of 1935 (Bcerd on Atrmecpheriz Sciznces end
Climata, 1833), foz cacmple, rozemmardsd tho development cf a
now climatic giies eloscly kayed to the nixeds of users, and linked
to tho data Booo of ths 1800 Conzua, This borrd might teke the
plazaing of this 6tles &5 an initizl focus for its work.

A Loy elzmone of eny efert to premote the application of
westher-end elimats dota choula ba tha dovelopment of data ec-
cezs points of which end usets could obtain both real-tima and
hiztoric deta in “ouseten.” Coardinstion or even concolidation of
ceeess points, 0.5., via o central clecringhouso, ia neaded co that
timsly, complata, ead interdizdiplinary information is provided to
all cad uesrs. This would greatly reduce both confucion about
data availability end the cocts of obtaining tho decized data. At
the data ceczsa peints, it would be useful to provide technical
cupport in tho applizztion aresa served end to meintain compre-
henziva libresies ca relovant wozk in epplied climatolozy. The
number of datn cocecs pointe, their geogranhic distribution, their

L
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afiliation (i,0., publiz vescus priveta cocter), cad thelr modo of
opsration cbeuld dzp2nd oxn the needs end diztributisn cfend uses
and uwcors. More detailcd menitsring of beth cad vseo cad cnd
ueess and rasro cophizticetsd caalyoss of theie noodo will eaxteinly
he requized. I$ is clo impoziont thes thyro deta cocend peointa bo
modo o intozral post ef tho neticnwids oysiom of climals covices
suggested in tho repozt Liccting the Challenge of Clirasts (Climate
Beard, 1083).
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Conclusion

Tko fourdetion for all climsatulogical and metcorological analysis
and reporting ia dots. Once collected, it is a besic recource. How
cur inetitutisns dsal with the mansgament of this rescurce will
affect the czcuracy, rolishility, 2ad utility of national weather and
climete infermation 1oz yenss to coms.,

A vazizty of techrological and ascictal chenges are fundamen-
telly oltzring cur cepabilitizs for handling and utilizing weather
end climats data. Whero thezs changes will lxed is uncertan, but
ths premics @ tremondsous. Indecd, tho wewds of Helmut Lands-
berg in 1243 czo till appropristo in meny respecta:

o o the qalimited climatic recousces of the Unitad States still
sweit cxploratlon end cxploitation; thay wait to ba tapp-d. They
premis, fall setarns by bester edjustment of cur bomes wnd heslth,
our egriculiurd sad technology, to tho atmezpleric environment
(Landsberg, 1546).

The panel otrony ly believes that implementation of ita recom-
maadations would ba a dgnificans eerly step toward realizing this
promiss Tho crelycis and recommanrdations ia the preeent repart
fccus ca etracopheric climats date; further study of other data,
espociclly ocoenic and satallita deta, chould bo undertakea. Otier
ections may certsinly bo nececsary nfter further detailed exami-
nation of .ae izzues. The besic chellenge, however, i3 this: the
Jederal goserniment must serior ely examene ity hendling of weather
and climete dato fromm a b.sad, ong-term perepective and establish
mecl.uniime to ersure sensidle, government-wide plaaning and sm-
plementation of dcta manasgem:nt. If this chullenge can be et
all other probloma chould be solvable and the bright promise of
climase-related dsta will be fulillsd.
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aued)

Limltations

One-8top

Processing

Referral

Responsiveness

Scops

Visibiuty

All data limications (constraints to their

interpratation or use) must be identified. Altered

data must be identificd (flagged) and the nature of the
alteration specified. In the case of nonstandard 'ats,
msthods should be avallable for their "normalisation.”

The use of WMO-recommended standardized procedures ior
acqulsition should be strongly promoted and be the norm
for governmentally supported networks. If only
poor-quality data are svailable, however, users should

not be denjed access until ths data are improved.

Al} of these capabllities should generally be available
to a user through a single contact or by specific
relerral, -

The archival center should have a data processing
service capability including utility ;.rogrems

A refarral system for climate and climata-velated data
must be in place and highly vizible and accessible to
users, The referral syatem should snable the
identification and location of nonstandard as well as
standard data.

The response to requests for data must meet reasonable
user deadlines; archiving should be on a real-timne
baste; direct nccess to files or pullications is

preferred. The data system must be responsive to
existing and changing needs for data and user
tecanology.

A wide range of data should be available directly or by
referral, Including (within reacon) data from reated
snvironmental disciplines and economie, demographlie,
and other data useful for applied etudies and for
sssesaments of the value of climate data.

The user must be made aware of the data access points i
and their features, '
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AFOS
AGHRET

ALPEX
ANSI
AWIPS-60
BP1

CAC
CAMS

CD-ROM
CEAS
CIS
CLIMPAX
CPU
DOD
DOI
ESSA
FGGE
GALE
GARP
GATE
GCM
GMS
GOES
GTS
ICAO
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Appendix A: .
Acronyms

Auntomation of Ficld Oporaticas azd Scrvices
Agriculteral Network

Intellizence

Alpine Experiment (GARP)

Armcerisan Neoticnal Stendands Instituls

Advazced Interactive Procesting System for the 19903
bits per inch

Climete Analysis Center (KOAA)

Clirmnate Anemaly Menitoring System

Commiscion for Bazic Systemns (WE40)

Compzct Disk, Rezd-Only Mcinory

Center for Enviropmental Asscssment Services
Climate Infermation System

Climate Impacts and Aductmsnt Experiment
Central Proceszing Unit

Depertment of Defenzs

Depertment of the Interior

Environmentzl Science and Services Administration
First GARP Globea! Experiment

Generation of Atlantic Lowa Experiment

Globzal Atmospheric Rezsarch Program

GARP Atlancic Tropiczl Experiment

General Circulation Model

Geosynchronous Meteorological Satellite
Geostationzry Operational Environmental Satellite
Global Telecommunications System

International Civil Aviation Organisation
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IC3U
Mo
METEOSAT
MIPS
NCAR
NCDC
NCPO
NESDIS
NEZRAD
NMC
NOAA
N-ROSS
NWs
RCS
SCOPE
STORM
TIROS-N
TOGA
UCAR
UNEP
USDA
USGS
wcCp

‘"WMO

WOCE
wWwWw
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Internatisnzl Council of Ecientife Unions
Internationel Ilctoorological Organisation
Metcorological Szteallita

Miliszg ef Instractisng per Socond

RNaticnal Ceater for Atmoephssic Recsarch
Naticaal Climate Deta Center (NESDIS/HOAA)
Netionel Clissete Program Ofce (ROAA)
Naticnal Envirenmentsl Sctellite end Data Information Servics (NOAZ
Next Generatioa Roder

National Metsorological Canter (HWS/NOAA)

Naticnal Ocsznic end Atmezpheric Adminictration

Navy Remote Occan Sensing System

National Woeatker Service (HOAA)

Rcference Climatolegical Station

Scientifc Commitize og Problims of the Environment (ICSU) .
Stormsecals Operational aad Resazrch Meteorologw

Telovizion Infrared Obscrvation Selcilite-N/NOAA Series

Tropical Oceza/Global Atmezphere

Univerzity Corperaticn for Atmeapheric Research

United Netisns Eavirenmant Pregram

Unised Statos Departinant of Agriculters

United Siates Geolopicsl Survey

World Climste Prosram

Wozld Metesrelogisal Orgenisstion

World Ocean Circulation Experiment

World Weather Wetch
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Appendix B:
International Responsibilities
For Climate-Related Data

HepMut LANDSBERG

The United Statss is a member of the World Meteorclogical Orga-
nizetion (WMO), a epeciclized ageney of the United Nations. The
body is a succezzor to the Intornesioneal Meteorological Organiza-
tion (IMO), founded in 1673 to foster cooperaticn in mateorology
among the netions of ths world and promoto uniform prectices of
obzarving and reporting.

Sinca it3 inception, the IMO ead later the WMO included
climatelogical procedurces in their rulss. Much of these in recent
decedes have been regulated by the WMO Cemmission for Cli-
matology, which hes oot the pace for six decedes in the field and
hes hed thres U.S. presidenta cince 1851, With the crestion of
the World Climats Program (WCP) ia 1579, the WMO identified
climato, and thoreby climeato data, as a high-priority concern.

A vigorous WCP i3 vital to the atteinmant of major elements
of the U.S, internztional and demastic gools, in particular those
eapoucad by the National Climate Program. For example, the abil-
ity to monitor and develop climsata prediction capabilities requires
global data and understanding. Data from the Global Telecommu-
nications System (GTS) arc used by the Werld Food Board of the
U.S. Department of Agriculture, by the U.S. State Department,
by private companies that monitor food production abroad, and
also by the Asseesment and Information Servicea Center of NES-
DIS (in support of the Agency for International Development).
For such reasons, the United States has been the major proponent

85




e Y

o e e o — g

&8

of the WCP, influantial in its dxign ead implomenteticn, A ma-
jor compencnt of the progrem is dedicetzd to data. An czcential
instrument, in which tho United States has a mejor rolo, is the
World Weather Wetch (WYVTY), through which tho United States
receives plobal information necded for aznessment and recezrch.
Tho international opsraticnsl rules ero lzid down in coveral
V0 documsants, Bosic definitisao end desired procodures ere
coatoined in tho Teelinfsal Resulciionas® Acids from ctondords
for mateomalogicel obsorvetions, Chepter A24 (G pp.) i> com-
pletely davoled to climatolegizel praztices. Thros zeetions deal
with climetolozical data cud cpesificclly ciato thet all mateore-
logicel obzervations, even if made for other purpesss, becems cli-
matologiczl deta after their criginel uss. Quality coatrol cf these
data ond thezo tzken at climatological ctatisas is an obligation
of WMO members, Maintenance of ea cechive end an inventory
of climatological deta i3 urged. As to internsticnal reguirements,
the regulations mondets en international exchengs of data from
celested loestions (CLIMAT sintiona) afier the end of cach ccl-
ender month cver the WO talecommunications network., The
lizt of locctions wea reeently cxpanded to enhancs asserment of
crop cenditions, drought, and cther climate enomelics ebroad that
affest trado, eogivtercs end cocurity, aud alzo to provide o better
basis for underztanding tha glohal climete oad for its prediction.
‘Tks WEIO Comsmisaion for Basic Systema (CES) cpceifics ar-
rengem:its for the exchenge and processing of mstzorological end
climata dela cecomplished through the GTS and the Global Data
Proczsosing Syciem. By meana of these eystema, weether data,
forecosts, exlellite dute, end climate information 2re communi-
cated throushout ths world in cperctionsl, or real, tims. Raw
data aro conver‘ed into infrmation st data centers and further
distributed on the brsis of regionzal or national requirementa. The
World Meteorological Center in Weshington is & major component
of theas global systems cand hea o central role in their perfermance,
development, and use. The United States, o3 2 colleborator within
the WCP, is the major provider of climatclogical monitoring infor-
mation and data to the global community, obtaining the raw data
via the WW W and interpreting it in collaboration with the Soviet

* World Mateorologlcal Organisaticn, Techniced Reguletions, Bazle Docu-
ments No. 2, WMO No. 49, Geneva (no date, loocss leaf for continuous
updating).
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Usion cad Avcteclis, Tho precideacy of COS hza boen held by the
United Stetea gines 1678,
Climeta dzta o publizhed by the NCBC ia the United States

in o msathly publisction, Ienthly Climells Doia for the World,

now i i3 thixgy-cizith yezo, This D ens of tha macs widely
vred couness of climetiz deds, (Tho United Statoo hes formelly
ezzead in tho relovens VL0 bodics to fosva this publisetisn.)
Tha reguleticsa eloa uepd the irzonoo ond iodornetizns) archange
of notisnal clisastcloyizal dotn publizaticns by natisnel matocro-
logicel exsvizes, Othez clizulitises eso fer poriedis roviziens of
co-callcd “normald® (EQ-yeor cvesnss of curlaza tomporaturcs and
procipitotica). Publication of uppse alr abiervesisns cnd hendling
cf thip olzsrvctions are alvo included in the regulntiopa,

Other W50 recommendasions for deta hendling ond dato uce
ara conteinsd ia the Geide to Climetslegical Proetices.® This uso-
ful hendbock cutlinzs obscrvationel, ctondseds, dats processing
prastices, dosireblo publicctions (including formats), deta precen-
tetions, ead ptatidisel anclysea, Doz intornetizac) dota enchenge,
WMO cxd ths Internationsl Civil Avistion Autherity (ICAO)
have oozozd on e3ts of climetolegizel cummasizs thet must be
ewiallis for oll interpationed cirpasts. Thesa have to bo periodi-
czlly vndated by the weatksy sopvises,

Ansiloz datapablicctiza thas koo bala ofprect veluz in clima-
tolecierd poozarch ia (ke Werld Weather Recoeds. This wea sterted
t3 o oouses ef lsag-rocond weather ciotions by the Smithcorian In-
stitution in 1922, Thia publicctien was taken over by the Weother
Bursou eficz Vierld War Il end kes bocn eontineed cinca NOAAL Tt
s now preduced by HCDC gt the exd of each dozede, bised on the
meenthly CLINIAT data. The cories is mow esmplete to 1870 and
hea cozned tha United States muech preizs from ths wternational
meizerolagicsl end climatolegicnl vegoasch community., The value
of tho long climeatelogical £2zics will remein bigh for tha ceatinu-
ing megpitoring of nsturel and man-made chenges, Istermationsl
coopzareticn is indicpenssable for guch otudics, This is implicitly
recognized by the Notional CEmasts Program Act. Tha legislative
history of the act dircets attention to the need for internsational

" dota oxchenge for scceeament of impects of climatic enomalies.

® World Matsorolagical Orgenizatisn, Guids to Cimatelsgice] Proctiess, 2nd
cditisn, WMO-No. 100, Genevs, 1033 (looss leaf formst for continuous

updating).
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On o verldwids basis this by pow crpanized in the Werld Cli-
mezte Pregrass, jointly arcenged by the W20, tha United Natio

)

Enviceemznt Program (UNEP), and tha Interactisac] Coenzil of
Selsntifs Unions (ECSU).

A% tho regacs of IC3U, tha United Stetza hes 2amecd to
mairtaia coven Werld Dota Conlorn, Theoo fncluds: TWeold Bata
Ceater A for Mitsorclony Ioszted ot NCDC in Acheovills, Mlorth
Caroling; VWerld Dasa Cixter A for Glaciclagy (coow czd i23) in
Baoulder, Colitads; cnd Werld Data Centor A oz Oceanssrophy
at NOAA in Wechingteon, D.C,

Thesa ceaters oxa in oddition to tha W10 YWorld Data Center
at Veshington ead the High-Altitudo Matzorslogicnl Dato Center
et Ashovillo, Tho United Stetes eslieboretes with other conntries
to mzintain theroe centors end to provids pelovens informaticn. For
excmple, i% cupplics coons data to tho World Gzeas Data Center
in Downsvisw, Cotario, Conada,
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